ATTACHMENT 1

RECENT GROUNDWATER LAB REPORTS



Pace Analytical Services, Inc.

. @ 1638 Roseytown Road - Suites 2,3,4
aCBAnal_thcaf Greensburg, PA 15601
WWwW.pacelabs.com (724)850-5600

January 25, 2016

Mr. Greg Miller

ICON Environmental
2049 Commercial Drive
Port Allen, LA 70767

RE: Project: EWL VSSB
Pace Project No.: 30169493

Dear Mr. Miller:

Enclosed are the analytical results for sample(s) received by the laboratory on January 04, 2016.
The results relate only to the samples included in this report. Results reported herein conform to the
most current TNI standards and the laboratory's Quality Assurance Manual, where applicable, unless
otherwise noted in the body of the report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,
&Zf“’d el b

Jacquelyn Collins
jacquelyn.collins@pacelabs.com
Project Manager

Enclosures

cc: Mr. Derek Pourciau

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, Inc.. Page 1 of 14
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Project: EWL VSSB
Pace Project No.: 30169493

Pennsylvania Certification IDs
Georgia Certification #: C040
1638 Roseytown Rd Suites 2,384, Greensburg, PA 15601
L-A-B DOD-ELAP Accreditation #: L2417
Alabama Certification #: 41590
Arizona Certification #: AZ0734
Arkansas Certification
California Certification #: 04222CA
Colorado Certification
Connecticut Certification #: PH-0694
Delaware Certification
Florida/TNI Certification #: E87683
Georgia Certification #: C040
Guam Certification
Hawaii Certification
Idaho Certification
lllinois Certification
Indiana Certification
lowa Certification #: 391
Kansas/TNI Certification #: E-10358
Kentucky Certification #: 90133
Louisiana DHH/TNI Certification #: LA140008
Louisiana DEQ/TNI Certification #: 4086
Maine Certification #: PA00091
Maryland Certification #: 308
Massachusetts Certification #: M-PA1457
Michigan/PADEP Certification
Missouri Certification #: 235

Pace Analytical Services, Inc.
1638 Roseytown Road - Suites 2,3,4
Greensburg, PA 15601
(724)850-5600

CERTIFICATIONS

Montana Certification #: Cert 0082
Nebraska Certification #: NE-05-29-14
Nevada Certification #: PA014572015-1
New Hampshire/TNI Certification #: 2976
New Jersey/TNI Certification #: PA 051
New Mexico Certification #: PA01457

New York/TNI Certification #: 10888

North Carolina Certification #: 42706

North Dakota Certification #: R-190
Oregon/TNI Certification #: PA200002
Pennsylvania/TNI Certification #: 65-00282
Puerto Rico Certification #: PA01457
Rhode Island Certification #: 65-00282
South Dakota Certification

Tennessee Certification #: TN2867
Texas/TNI Certification #: T104704188-14-8
Utah/TNI Certification #: PA014572015-5
USDA Soil Permit #: P330-14-00213
Vermont Dept. of Health: ID# VT-0282
Virgin Island/PADEP Certification
Virginia/VELAP Certification #: 460198
Washington Certification #: C868

West Virginia DEP Certification #: 143
West Virginia DHHR Certification #: 9964C
Wisconsin Certification

Wyoming Certification #: 8TMS-L

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, Inc..
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SAMPLE SUMMARY

Project: EWL VSSB

Pace Project No.: 30169493

Lab ID Sample ID Matrix Date Collected Date Received
30169493001 TBB-2M Water 12/14/15 12:30 01/04/16 09:35
30169493002 TBB-2D Water 12/15/15 11:00 01/04/16 09:35
30169493003 TBB-3D Water 12/15/15 13:30 01/04/16 09:35
30169493004 mMcC-1 Water 12/16/15 11:30 01/04/16 09:35
30169493005 TBB-1D Water 12/17/15 13:45 01/04/16 09:35
30169493006 TBB-1S Water 12/17/15 15:45 01/04/16 09:35
30169493007 TBB-3S Water 12/18/15 09:30 01/04/16 09:35
30169493008 TBA-1D Water 12/22/15 10:45 01/04/16 09:35
30169493009 BC-1 Water 12/28/15 16:40 01/04/16 09:35

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, Inc..

Pace Analytical Services, Inc.
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Pace Analytical Services, Inc.

. @ 1638 Roseytown Road - Suites 2,3,4
aCBAnal_thcaf Greensburg, PA 15601
WWwW.pacelabs.com (724)850-5600
SAMPLE ANALYTE COUNT
Project: EWL VSSB

Pace Project No.: 30169493

Analytes

Lab ID Sample ID Method Analysts Reported
30169493001 TBB-2M EPA 903.1 WRR 1
EPA 904.0 JLwW 1

30169493002 TBB-2D EPA 903.1 WRR 1
EPA 904.0 JLwW 1

30169493003 TBB-3D EPA 903.1 WRR 1
EPA 904.0 JLwW 1

30169493004 MC-1 EPA 903.1 WRR 1
EPA 904.0 JLwW 1

30169493005 TBB-1D EPA 903.1 WRR 1
EPA 904.0 JLwW 1

30169493006 TBB-1S EPA 903.1 WRR 1
EPA 904.0 JLwW 1

30169493007 TBB-3S EPA 903.1 WRR 1
EPA 904.0 JLwW 1

30169493008 TBA-1D EPA 903.1 WRR 1
EPA 904.0 JLwW 1

30169493009 BC-1 EPA 903.1 WRR 1
EPA 904.0 JLwW 1

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, Inc.. Page 4 of 14
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Pace Analytical Services, Inc.
1638 Roseytown Road - Suites 2,3,4

aCBAnal_thcal ' Greensburg, PA 15601

WWwW.pacelabs.com (724)850-5600

PROJECT NARRATIVE

Project: EWL VSSB
Pace Project No.: 30169493

Method: EPA 903.1
Description: 903.1 Radium 226
Client: ICON Environmental
Date: January 25, 2016

General Information:
9 samples were analyzed for EPA 903.1. All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:
The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:
All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:
All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:
All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, Inc.. Page 5 of 14
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Pace Analytical Services, Inc.
1638 Roseytown Road - Suites 2,3,4

aCBAnal_thcal ' Greensburg, PA 15601

WWwW.pacelabs.com (724)850-5600

PROJECT NARRATIVE

Project: EWL VSSB
Pace Project No.: 30169493

Method: EPA 904.0
Description: 904.0 Radium 228
Client: ICON Environmental
Date: January 25, 2016

General Information:
9 samples were analyzed for EPA 904.0. All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:
The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:
All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:
All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:
All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

This data package has been reviewed for quality and completeness and is approved for release.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, Inc.. Page 6 of 14
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ANALYTICAL RESULTS - RADIOCHEMISTRY

Pace Analytical Services, Inc.
1638 Roseytown Road - Suites 2,3,4
Greensburg, PA 15601
(724)850-5600

Project: EWL VSSB
Pace Project No.: 30169493
Sample: TBB-2M Lab ID: 30169493001 Collected: 12/14/1512:30 Received: 01/04/16 09:35 Matrix: Water
PWS: Site ID: Sample Type:
Parameters Method Act £ Unc (MDC) Carr Trac Units Analyzed CAS No. Qual
Radium-226 EPA 903.1 5.92+1.35 (0.534) pCi/L 01/21/16 12:33 13982-63-3
C:NA T:90%
Radium-228 EPA 904.0 6.40 £ 1.34 (0.658) pCi/lL 01/21/16 12:21 15262-20-1
C:82% T:85%
Sample: TBB-2D Lab ID: 30169493002 Collected: 12/15/1511:00 Received: 01/04/16 09:35 Matrix: Water
PWS: Site ID: Sample Type:
Parameters Method Act £ Unc (MDC) Carr Trac Units Analyzed CAS No. Qual
Radium-226 EPA 903.1 1.53+0.626 (0.418) pCi/L 01/21/16 12:45 13982-63-3
C:NAT:91%
Radium-228 EPA 904.0 1.47 £ 0.489 (0.642) pCi/L 01/21/16 12:22 15262-20-1
C:88% T:76%
Sample: TBB-3D Lab ID: 30169493003 Collected: 12/15/1513:30 Received: 01/04/16 09:35 Matrix: Water
PWS: Site ID: Sample Type:
Parameters Method Act + Unc (MDC) Carr Trac Units Analyzed CAS No. Qual
Radium-226 EPA 903.1 0.918 £ 0.580 (0.762) pCi/lL 01/21/16 12:44 13982-63-3
C:NA T:95%
Radium-228 EPA 904.0 1.36 £ 0.489 (0.720) pCi/L 01/21/16 12:22 15262-20-1
C:78% T:90%
Sample: MC-1 Lab ID: 30169493004 Collected: 12/16/15 11:30 Received: 01/04/16 09:35 Matrix: Water
PWS: Site ID: Sample Type:
Parameters Method Act £ Unc (MDC) Carr Trac Units Analyzed CAS No. Qual
Radium-226 EPA 903.1 2.08 £0.776 (0.674) pCi/lL 01/21/16 12:44 13982-63-3
C:NAT:92%
Radium-228 EPA 904.0 2.16 £ 0.621 (0.722) pCi/L 01/21/16 12:22 15262-20-1
C:85% T:78%
Sample: TBB-1D Lab ID: 30169493005 Collected: 12/17/15 13:45 Received: 01/04/16 09:35 Matrix: Water
PWS: Site ID: Sample Type:
Parameters Method Act £ Unc (MDC) Carr Trac Units Analyzed CAS No. Qual
Radium-226 EPA 903.1 1.67 £ 0.908 (0.997) pCi/lL 01/25/16 09:55 13982-63-3
C:NAT:78%
Radium-228 EPA 904.0 2.95+0.765 (0.795) pCi/L 01/21/16 12:22 15262-20-1
C:89% T:76%
REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, Inc.. Page 7 of 14
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ANALYTICAL RESULTS - RADIOCHEMISTRY

Pace Analytical Services, Inc.
1638 Roseytown Road - Suites 2,3,4
Greensburg, PA 15601
(724)850-5600

Project: EWL VSSB
Pace Project No.: 30169493
Sample: TBB-1S Lab ID: 30169493006 Collected: 12/17/1515:45 Received: 01/04/16 09:35 Matrix: Water
PWS: Site ID: Sample Type:
Parameters Method Act £ Unc (MDC) Carr Trac Units Analyzed CAS No. Qual
Radium-226 EPA 903.1 16.1£2.63 (0.400) pCi/L 01/21/16 12:56 13982-63-3
C:NA T:94%
Radium-228 EPA 904.0 16.7 £ 3.16 (0.675) pCi/lL 01/21/16 12:22 15262-20-1
C:91% T:81%
Sample: TBB-38 Lab ID: 30169493007 Collected: 12/18/1509:30 Received: 01/04/16 09:35 Matrix: Water
PWS: Site ID: Sample Type:
Parameters Method Act £ Unc (MDC) Carr Trac Units Analyzed CAS No. Qual
Radium-226 EPA 903.1 0.753 + 0.404 (0.146) pCi/L 01/21/16 12:54 13982-63-3
C:NA T:98%
Radium-228 EPA 904.0 0.607 £ 0.346 (0.628) pCi/L 01/21/16 12:22 15262-20-1
C:89% T:82%
Sample: TBA-1D Lab ID: 30169493008 Collected: 12/22/1510:45 Received: 01/04/16 09:35 Matrix: Water
PWS: Site ID: Sample Type:
Parameters Method Act + Unc (MDC) Carr Trac Units Analyzed CAS No. Qual
Radium-226 EPA 903.1 1.24 + 0.586 (0.455) pCi/lL 01/21/16 12:55 13982-63-3
C:NA T:89%
Radium-228 EPA 904.0 0.608 +0.339 (0.618) pCi/L 01/21/16 12:22 15262-20-1
C:91% T:89%
Sample: BC-1 Lab ID: 30169493009 Collected: 12/28/15 16:40 Received: 01/04/16 09:35 Matrix: Water
PWS: Site ID: Sample Type:
Parameters Method Act £ Unc (MDC) Carr Trac Units Analyzed CAS No. Qual
Radium-226 EPA 903.1 0.569 £ 0.377 (0.171) pCi/lL 01/21/16 13:06 13982-63-3
C:NAT:88%
Radium-228 EPA 904.0 0.926 £ 0.398 (0.654) pCi/L 01/21/16 12:23 15262-20-1
C:89% T:86%
REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, Inc.. Page 8 of 14
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Pace Analytical Services, Inc.

. ® 1638 Roseytown Road - Suites 2,3,4
aCBAnal_thcal Greensburg, PA 15601

WWwW.pacelabs.com (724)850-5600

QUALITY CONTROL - RADIOCHEMISTRY

Project: EWL VSSB
Pace Project No.: 30169493

QC Batch: RADC/27497 Analysis Method: EPA 903.1
QC Batch Method:  EPA 903.1 Analysis Description: 903.1 Radium-226

Associated Lab Samples: 30169493001, 30169493002, 30169493003, 30169493004, 30169493005, 30169493006, 30169493007,
30169493008, 30169493009

METHOD BLANK: 1007388 Matrix: Water
Associated Lab Samples: 30169493001, 30169493002, 30169493003, 30169493004, 30169493005, 30169493006, 30169493007,
30169493008, 30169493009
Parameter Act + Unc (MDC) Carr Trac Units Analyzed Qualifiers
Radium-226 0.000 + 0.261 (0.421) C:NAT:86% pCilL 01/21/16 12:00

Results presented on this page are in the units indicated by the "Units"” column except where an alternate unit is presented to the right of the resuit.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
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Pace Analytical Services, Inc.

. ® 1638 Roseytown Road - Suites 2,3,4
aCBAnal_thcal Greensburg, PA 15601

WWwW.pacelabs.com (724)850-5600

QUALITY CONTROL - RADIOCHEMISTRY

Project: EWL VSSB
Pace Project No.: 30169493

QC Batch: RADC/27500 Analysis Method: EPA 904.0
QC Batch Method:  EPA 904.0 Analysis Description: 904.0 Radium 228

Associated Lab Samples: 30169493001, 30169493002, 30169493003, 30169493004, 30169493005, 30169493006, 30169493007,
30169493008, 30169493009

METHOD BLANK: 1007391 Matrix: Water
Associated Lab Samples: 30169493001, 30169493002, 30169493003, 30169493004, 30169493005, 30169493006, 30169493007,
30169493008, 30169493009
Parameter Act + Unc (MDC) Carr Trac Units Analyzed Qualifiers
Radium-228 0.635+ 0.382 (0.712) C:92% T.75% pCilL 01/21/16 12:21

Results presented on this page are in the units indicated by the "Units” column except where an alternate unit is presented to the right of the result.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, Inc.. Page 10 of 14
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Pace Analytical Services, Inc.
1638 Roseytown Road - Suites 2,3,4

aCBAnal_thcal ' Greensburg, PA 15601

WWwW.pacelabs.com (724)850-5600

QUALIFIERS

Project: EWL VSSB
Pace Project No.: 30169493

DEFINITIONS

DF - Dilution Factor, if reported, represents the factor applied to the reported data due to dilution of the sample aliquot.
ND - Not Detected at or above adjusted reporting limit.

J - Estimated concentration above the adjusted method detection limit and below the adjusted reporting limit.

MDL - Adjusted Method Detection Limit.

PQL - Practical Quantitation Limit.

RL - Reporting Limit.

S - Surrogate

1,2-Diphenylhydrazine decomposes to and cannot be separated from Azobenzene using Method 8270. The result for each analyte is
a combined concentration.

Consistent with EPA guidelines, unrounded data are displayed and have been used to calculate % recovery and RPD values.
LCS(D) - Laboratory Control Sample (Duplicate)

MS(D) - Matrix Spike (Duplicate)

DUP - Sample Duplicate

RPD - Relative Percent Difference

NC - Not Calculable.

SG - Silica Gel - Clean-Up

U - Indicates the compound was analyzed for, but not detected.

N-Nitrosodiphenylamine decomposes and cannot be separated from Diphenylamine using Method 8270. The result reported for
each analyte is a combined concentration.

Act - Activity
Unc - Uncertainty: SDWA = 1.96 sigma count uncertainty, all other matrices = Expanded Uncertainty (95% confidence interval).
Gamma Spec = Expanded Uncertainty (95.4% Confidence Interval)

(MDC) - Minimum Detectable Concentration

Trac - Tracer Recovery (%)

Carr - Carrier Recovery (%)

Pace Analytical is TNI accredited. Contact your Pace PM for the current list of accredited analytes.
TNI - The NELAC Institute.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
Date: 01/25/2016 02:16 PM without the written consent of Pace Analytical Services, Inc.. Page 11 of 14
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30169493 C

fg'?/‘”a’yﬁ““f Client Name: TCoN Project #

!
|

Courler: §F FedEx (JuPs [Jusps [ client [JCommercial [] Pace Other
Tracking#: 7753 68i% 1558 '
Custody Seal on Cooler/Box Present: Xlyes [ no  Sealsintact: yes [] no Blological Tissuels Frozen: Yes No

Packing Material: Bubble Wrap ____ Bubble Bags X None Other
Thermometer Used N j f\ Type of Ice: Wet Blue @ [0 samples on Ice, cooling process has begun
Cooler Temp.: Observed Toamp.: N { A °C Correction Factor: N / A °C Final Temp: N / A °c Date and nlfsts of p‘:?'?\n/%
Temp should be above freezing to 8°C Comments: examining contonts: BTR
Chain of Custody Present: ves CINo CIN/A|1
Chaln of Custody Filled Out: Xyes [CINo [ONA |2
Chain of Custody Relinquished: Mves CINo [NA|3
Sampler Name & Signature on COC: Ryes CINo [CINA 4,
Samples Arrived within Hold Time: Wves [INo DONA|S.
Short Hold Time Analysls {<72hr}: OYes [ENe ONA |6
Rush Turn Around Time Requested: Oves MWNo ONA|7
Sufficient Volume: RAves CINe [INA|B
Correct Containers Used. Rves OiNe [IN/A |9,

-Pace Containers Used: Oves &No [CINA
Containers Intact: Byes OnNo ONA|10.
Filtered volume received for Dissolved tests Oves ONo EBNA|11
Sample Labels match COC: Kyes CNo CINA[12.

-Includes date/time/ID/Analysis _ Matrix: wWT
All containers naeding presarvation have been checked. Ryes CNo CINA [13. p \—\ L
AL coninersroodng penater e 10021 s Do O

initlal when  V/4 /16 |Lot # of added

exceptions: VOA, callform, TOC, O&G, Phenols Oves DBiNo completed RTY preservative
Samples checked for dechlorination: COves [ONo TN |14,
Headspace in VOA Vials { >6mm): Ovyes ONo ™AN/A |15,
Trip Blank Present: Oves ONo DN/A |16,
Trip Blank Custody Seals Prasent Oves ONo [EIN/A
Pace Trip Blank Lot # (if purchased):
Client Notiflcation/ Resolution: Field Data Required? Y | N

Person Contacted: Date/Time:

Comments/ Resolution:

oy
Project Manager Revlew: (,ﬁ,’r C A_,&,éé_ Date: &
- \\

Note: Whenever there Is a discrepancy affecting North Caralina compllance samples, a copy of this form will be sent to the North Carolina DEHNR Certlfication Office
(i.e out of hold, Incorrect preservative, out of temp, incorredt containars}

JAQAQC\Master\Document Management\Sample Mgt\SCURF\FALLC003-09 SCUR Front 3M&8sE018 of 14
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MICHAEL PISANI & ASSOCIATES, INC.
New Orleans, LA
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. EBERLINE

SERVICES

Eberline Services — Oak Ridge Laboratory
LABORATORY DATA SUPPORT CHECKLIST
MP-001-3

Eberline Services Work Order # 1 5 - 1 2 1 2 2

The checklist items listed below are to be initialed by appropriate staff upon completion/verification.

Date for Partial Initials Date Initials Checklist ltems
D206 [¥b Sample Log-In
FOl’l-B, fla EAT Data Compilation
2 /z,fp)y First Technical Data Review

) l]q‘l [@ Ar/ Second Technical Data Review

v

a1l 2001 637‘ Data Entry/Electronic Deliverable

loi/aofit g .~ | Case Narrative

3

/-2 'LKé i /1:,7’ Electronic Deliverable Proof

Samples Analy?ed within Holding Time
fl}l/(ﬂg [\— Yes? Iﬂy—ltwo? —

By)e | F— | omacRevew

) Client in Possession of Data
Dl/ l"i‘/ e %T‘ Electronic or Hard Copy
[
Invoiced by Laboratory
Technical/Clerical Corrections, Signatures Needed, Problems, Etc Date/Initials

Date package approved by:

M ‘\2\ ’éz / / /¢,
Laboratory Manager 0\\ Date

Copy No. : Radiochemistry Services

&
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LN
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Internal | o= RGN
EBERLINE . Lab Deadline 111/2016
SERVICES Chaln Of
. A i -
Oak Ridge Laboratory C t d nalysts Ra226 - Level 4
usto y Sample Matrix Water

Sample HP 210 / 278 Storage

Comments Fraction Detector Activity Location
o4 35 PP1.4
05 37 PP1.4
06 34 PP1.4
07 36 PP1.4
08 34 PP1.4
09 39 pPet 4
10 42 PP1.4
11 36 PP1.4
12 36 PP1.4

i ‘‘‘‘‘

Location (circle one) Initials Date

Received by Sample Storage Rough Prep Prep Separations Count Room ‘-l )
~INOIRe U Hil /D .

Relinquished by Sample Storage Rough Prep Separations Count Ropm i
@ip. sl g

. Recsi‘\f‘c‘jﬂby Sam;\:ﬂl‘fv?‘torage 3 Rough Prep Prep Cie@ Count Reom oo it \ /S' /‘(p
| Relinquished by Sample Storage Rough Prep Prep @ Count Room 1130 e ‘[__' /’(é
e Recei\"j({ byﬁ Sample Storage Rough Prep Prep Separatiens @ I/C{b ] l ?’) l !i t l 37
Relinquished by Sample Storage Rough Prep Prep Separations -@ l% ) / ; ) / ! l q’ 6(
Received by Saw@e Rough Prep Prep Separations Count Room
Relinq;lgshed by Sampte Storage Rough Prep Prep Separations Count Room o
Received by Sample Storage Rough Prep Prep Separaticns Count Room
Relinquished by Sample Siorage Rough Prep Prep Separations Count Room o
Received by Sample Storage Rough Prep Prep Separations Count Rosm
Relinquished by Sample Storage Rough Prep Prep Separations Count Room
Received by Sample Sterage Rough Prep Prep Separaticns Count Room
nmRe]inquished by Sample Storage Rough Prep Prep Separations Count Room




Internal

. Lab Peadline 1/11[2016
SErvicEs Chain of
. Analysis Ra228 - Level 4
Oak Ridge Laboratory C u StOd
y Sample Matrix Water
Sample HP 210 / 270 Storage
Comments Fraction Detector Activity Location
04 35 PP1.4
05 37 PP1.4
06 34 PP1.4
07 36 PP1.4
08 34 PP1.4
09 39 PP1.4
10 42 PP1.4
11 36 PP1.4 o
12 36 PP1.4
Location (circle one) Initials Date
Received by Rough Prep Prep Separations Count Room \ I , / m
Y l__,(%:_ I A/' Ko OH
Relinquished by Sample Storage Rough Prep @ Separations Count Room E ' [ Q : g 2
- <
; le St Rough P. P (CSeoparalionsd  Caunt Room
- Received by Sample Storage ough Frep rep p oo e i fS' “/!(’
. . Sample Storage Rough Prej Pre @ Gount Room /
Relinquished by amp g gh Frep p N30 K l /‘f ,(a
Received by Sample Storage Rough Prep Prep Separations @ |Cb ] ‘q. ) ) i 3 7
Relinquished by Sample Storage Rough Prep Prep Separations Count Room m ) /; / Z Co ; T%S-—"
Received by Sample Sterage Rough Prep Prep Count Room
............... —— yEo i A (WALWALS
i 1 Sample Slorage Rough Prep Prep eparations Count Room
Relinquished by p g Separations ™ QIS Yo V13 /)
Received by Sample Storage Rough Prep Prep Separations eu-“ R Q ;‘/r' L—/f’//'jf/ﬂa
Relinquished by Sample Storage Rough Prep Prep C—""""—7V//7//é, // i

L2

Received by Sam) Rdﬁfghﬂl_"rep Prep Separaticns Count Room
-I;;I ih;;:;l.uished by“ Sample Storage h Rough Prep bap Separations Gount Room
Received by Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Cournt Room




&

Internal

Work Order #

EBERLINE . Lab Deadline 12/31/2015
% Services Chain of
Z . Analysis TDS - Level 4
Oak Ridge Laboratory C St 0 d
u y Sample Matrix Water
Sample HP 210 / 270 Storage
Comments Fraction Detector Activity Location
o4 35 PPL.4
a5 37 FP1.4
06 34 PP1.4
07 36 PP1.4
[+1] 34 PPL.4
09 39 PP1.4
10 42 PP1.4
11 36 PP1.4
12 36 PP1.4
Location (circle one) Initials J; Date
) e 1
Received by Sample Storage Rough Prep Prep Separations Count Rgna) a I 9‘ ’)') G‘.~ l'b
d b Sample St Rough P P S i Count Reom ﬂ/ ?‘_h_r -3
Relinquished by ample Storage ough Prep rep eparations u M'll [ ':C—(-Sn O
Received by Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Sterage Rough Prep Prep Separations Count Room
Received by Sample Storage Rough Prep Prep Separations Gount Reom
Relinquished by Sample Storage Rough Prep Prep Separations Count Room
Received by Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Room
Received by Sample Storage Rough Prep Preg Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Room
Received by Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Sterage Rough Prep Prep Separations Count Room
Received by Sample Storage Rough Prep Prep Separaticns Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Room

Printedé éﬁ%@% %%M

5 B




1

Printed: 12/30/2015 12:14 PM

Page 1 of 1

Sample Receiving Report
(Volumes, pH, & CPM)

Internal Work Order

15-12122

Received By

JBAILEY

FR ClientlD # Btls Comments Matrix Storage [Rec Vol Ttl] CPM Max
01 1CSs 0 WA PP1.4
02 BLANK [¢] WA PP1.4
03 DUP 0 WA PPL1.4
04| TBB-3S 1 WA PP1.4 3.76
L Contalner Number: 155 pH Origsss: - pH:Einal 22 Volume (k)< P
1 7 7 3.7600
05| TBB-1D 1 WA PPi.4 3.76
37 Container:Number: .pH.Orig . & pHFinal - 15 Volumedfl)iis] - s
1 7 T 3,7600
06| TBB-15 1 WA PP1.4
7 Contalner Number:| .~ pH Orig [~ pH Final .-~ 1 - Va
1 Fi 7
07| TBA-1D 1 WA 3.76
Ll ‘Contalner.Numbet | - - :pHiOrig Sl Vehama (P o
1 7 3.7600
08| TBB-3D 1 WA PP1.4 3.76
LG ontaingr Number, - pHOrt o pHiFimal. T Volume (L)Y
4 i 3.7600
09| TBB-2D 1
“Container Numbier-|- |
1
10§ TBB-2M 1 WA pP1.4 3.76
" ContaingtNumber | pHOng - { pHFinall .| " Volume{L)"
1 7 7 3.7600
11| MC-1 1 WA PP1.4 1 3.76
~ - Container Number |- pH Qrig=->7 i Nolumig (L)1 i
1 7 7 3.7600
12| BC-1 1 WA PP1.4 3.76
“Container Number- |, pH Orig = -5]. -~ _pHFinal i Molume{Ly: ] - -
7 7 3,7600

Received by:

Date: ll % c lj

MP-001, Rev 5
Effective: 11/22/02
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EBERLINE STANDARD OPERATING PROCEDURE MP-001, Rov. 15

SERVICES Effective: 2/2/15
Sample Receiving Page 130f 15

Eberline Services - Oak Ridge Laboratory

SAMPLE RECEIPT CHECKLIST
1 1 MP-001-2
WORK ORDER # 5 2 1 2 2
SAMPLE MATRIX/MATRICES: . {CIRCLE ONE OR BOTH)
N-AQUEOUS
(CIRCLE EITHER YES, NO, OR N/A)

WERE SAMPLES:

Received in good condition? qx N

If aqueous, properly preserved G N N/A

WERE CHAIN OF CUSTODY SEALS:

Present on outside of package?

Unbroken on outside of package?

Present on samples?

Unbroken on samples?

Was chain of custody present upon sample receipt?

QR

IF THE RESPONSE TO ANY OF THE ABOVE IS NO, A DISCREPANT SAMPLE RECEIPT REPORT
{DSR) HAS BEEN ISSUED.

REMARKS:

SIGNATURE: éé%) DATE: 12.2C 15

Copy No. Radiochemisiry Services

3
=
5
Ee;\ e
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CASE NARRATIVE




SERVICES

EBERLINE ANALYTICAL CORPORATION
60! SCARBORO ROAD

OAK RIDGE, TENNESSEE 37830
PHONE (865) 481-0683

Fax (865) 483-462l

EBS-OR-40207
January 21, 2016

Lance Cooper
Michael Pisani & Associates, Inc.
1100 Poydras St, Suite 1430
New Orleans, LA 70163
CASE NARRATIVE
Work Order # 15-12122-OR

SAMPLE RECEIPT

This work order contains nine water samples received 12/30/2015. All samples were analyzed for
Radium-226/228 and Total Dissolved Solids. '

CLIENT ID LAB ID CLIENT ID LAB ID
TBB-38 15-12122-04 TBE-2D 15-12122-09
TBB-1D 15-12122-05 TBB-2M 15-12122-10
TBB-18 15-12122-06 MC-1 15-12122-11
TBA-1D 15-12122-07 BC-1 15-12122-12
TBEB-3D 15-12122-08

ANALYTICAL METHODS

Radium-226 was analyzed using EPA Method 903.0 Modified. Radium-228 was analyzed using EPA
Method 904.0. Total Dissolved Solids was performed using Standard Methods 2540C.

ANALYTICAL RESULTS

Combined Standard Uncertainty is reported at 2-sigma value.
RADIUM-226

Samples were prepared by removing representative aliquots followed by mixed acid digestions as
appropriate. This was followed by precipitations of Radium/Barium Sulfate. Precipitates were dissolved
in alkaline EDTA. Radium was selectively precipitated and then mounted on micro-porous filter media.
Samples were counted by alpha spectroscopy using an energy specific region of interest for Radium-226.
The final result was corrected for inherent self-absorption from elemental Barium. Chemical recovery was
calculated by the use of a Barium-133 tracer, which was determined by HPGe gamma spectroscopy.

Samples demonstrated acceptable results for all Radium-226 analyses. Chemical recovery was acceptable
for all samples. The Radium-226 method blank demonstrated an acceptable result. Results for the
Radium-226 duplicate demonstrated an acceptable relative percent difference and normalized difference.
Results for the Radium-226 Iaboratory control sample demonstrated an acceptable percent recovery.

Page 1 of 2




ANALYTICAL RESULTS CONTINUED

RADIUM-228

Following alpha spectroscopy analysis of Radium-226, Barium/Radium Sulfate precipitates were re-
dissolved and time was allowed for sufficient ingrowth of the Actinium-228 daughter. After ingrowth,
Actinium-228 was selectively precipitated. Precipitates were filtered and beta emissions for Actinium-
228 were then counted on a gas proportional counter. Chemical recovery was determined by the use of a
Barium-133 tracer, the activity of which was determined by HPGe gamma spectroscopy and an elemental
Yttrium carrier by gravimetric measurements. The product of these two recoveries was used to calculate
chemical yield.

Samples demonstrated acceptable results for all Radium-228 analyses. Chemical recovery was acceptable
for all samples. The Radium-228 method blank demonstrated an acceptable result. Results for the
Radium-228 duplicate demonstrated a high relative percent difference; however, normalized difference is
within acceptable limits for the analytical technique. Resuits for the Radium-228 laboratory control
sample demonstrated an acceptable percent recovery.

TOTAL DISSOLVED SOLIDS (TDS)

A volumetric aliquot of each sample was taken and filtered through a tared 0.45pm filter media into a
tared 250ml beaker. Samples were then dried on a hot plate and were allowed to cool. The TDS content
was determined by reweighing tared beakers.

Samples demonstrated Total Dissolved Solids contents that ranged from 584.0 to 26,822.0 mg/L.

CERTIFICATION OF ACCURACY

I certify that this data report is in compliance with the terms and conditions of the Purchase Order, both
technically and for completeness, for other than the conditions detailed above. Release of the data
contained in this hard copy data package has been authorized by the cognizant project manager or his/her
designee to be accurate as verified by the following signature.

ANEING

M.R. McDougall
Laboratory Manager

Date: 1/21/2016

Eberline Analytical wants and encourages your feedback regarding our performance providing radicanalytical services. Please
visit http://www.eberlineservices.com/client.htm to provide us with feedback on our services.

Page 2 of 2
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SECTION IV

ANALYTICAL RESULTS SUMMARY
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CERTIFICATE OF CALIBRATIONA/GC REVIEWED |
ALPHA STANDARD SOLUTION, 3/6h . i

Radionuclide: Ra-226  Customer: . TMA EBERLINE
Half Life: 1600 + 7 years P.O.No.; VHI1888
Catalog Ne.: 7226 . : Reference Date: Febrnary 1 1994 . 12:00 PST.
Source No.: 453-26 Contained Radioactivity: (R2-226) 1.001 uCi.
Contained Radioactivity: (Ra-226) 37.0 kBq.

Description of Sclution - B . ‘

a. Mass of solation: . : 5.1864 g (in a 5 ml Flame Sealed Ampoule).

b. Chemical form: Ra(NQ3)2 in 1 N HNO3 '

¢. Carrier content: None added ‘

d. Density: 1.0318 ' g/ml @ 20°C.
Radioimpurities Noge detected(other than daughters) -
Radioactive Daughters

Rn-222, Po-218, At-218, Pb-214, Bi-214, Po-214, Tl—210,_ Pb-210, Bi-210, Po-210 and TI-206.

Radionuclide Concentration o K 7 )

o . (Ra-226) 0.1929 ' . o
Method of Calibration | | -

Weighed aliquots of the solution were assayed using gamma spectrométxy:
Energy peak(s) integrated under: 186 keV. o
Branching ratio(s) used: 0,0351 gamma rays per decay.

Uncertainty of Measurement

a. Systematic uncertainty in instrument calibration: +3.4%

b. Random uncertainty in assay: +3.1%

¢. Random wicertainty in weighing(s): +0.2%

d. Total uncertainty at the 99% confidence level: . 14.6%
NIST Traceability |

This calibration is implicitly traceable to the National Institute of Standards and Technology.
Leak Test(s)
See reverse side for Leak Test(s) applied to this source,
Notes :

1. Nuclear data were taken from "Table of Radioactive Isotopes”, edited by Virgimie S. Shirley, 1986. )
2. IPL perticipates in an NIST measurement assurance program o establish and maintain implicit traceability for a number of nuclides,

e haved of the Blidd WEsay (and 1418F NIST Sertificalion) of Sandard “Réferense Materizld (A8 in NRC Regiilatory Guide 4,18y, 7 T LT

dM’h K. lLULa..
QUALITY CONTROL

feb. 3, 1994
Date Signed

ISOTOPE PRODUCTS LABORATCORIES
1800 North Keystone Street

Burbank, California 91504

(818) 843 - 7000




QUALITY CONTROL PROGRA
ERLINE 1P 003

SERVICES

Rev.8; 11/01/03
Tile: Radioactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION

MP 009
CURRENT DATE] . 10/27/2015.0:00
SOLUTION REFERENCE #{IPL:453:26 1 SOLUTION #]:2: RaE _
Prin__:__;_i al _Radionuclide Half Life, Years _I-Ialf Life, Days

+03 [ o 5.B44E+05]

Radionuclide] :
Certified Activity
Certified Concentration

Ampoule /Solution Gross|
Empty Ampoule Weight, Grams

Solution Net| .= . [Weight, Grams

Total Activity in Ampoule} . 1.0010|uCi

1Weight, Grams

Chemical Composition of Standard Solution
RaNOyin IMHN

Dilution Instructions: Dilution Solvent Used {1 VEHIN

Dilute to a volume of}: 10 05 milliliters

Certified Total Activity of| . . 1.00:

Which Equals | 2:222E+06idpm at the date listed above

P . . . - — This activity concentration is based on the original
And after dilution the activity of this solution is} 2:222E403|dpm/ml  reference date listed above. All activities are corracted

to the date and time of analysis by the laboratory data
processing software,

Expiration Date: |- October 20, 2015 |

Verified & Approved By Date: 1042712015
QC Approval ‘ ' Date: /o/;zg /<
//
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%E BERLINE QUALITY CONTROL PROGRAM

Rev.6; 11/01/03

MP 008

SERVICE

¢

Radionuclide of Interest|
Parent Solution Cone.

PRa(NO), in 1M HNO,-

Tife: Radioactive Reference Standards Solutions & Records
EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION
MP 009 Date}. -
Solution Reference #|IPL-453:26: Solution #
Principat Radionuclide Half Life Ye;rs Half Life, D.
L 5.844E+05|

Chemical Composition of Standard Solution

NQTES:

Dilution Instructions: Dilution Solvent Used b MIHNO;

Vol. Parent Solution:{:
Total Activity:
Final Volume:{::

SECONDARY VOLUMETRIC DILUTION

+120:0000{ml

4.4440E+04|dpm Final Activity Concentration:{ . -~ 4.:4440E+01|dpm/ml
- 160000 ml This activity concentration is based on the original
reference date listed above. Al activities are

correctad to the date and time of analysis by the
laboratory data processing software.

Expiration Date:l October 20, 2016 I

Verified & Approved By N_:__q \’-\Q\ ) Date:; 10/27/2015 0:00

QC Approval ' \ Date: /3/92/A S
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RA-\

ANALYTICS 1380 Seaboard Industrial Bivd.

Atlanta, Geergia 30318 - US.A.

Phone {404) 352-8677
(404) 352-2837

Fax
CERTIFICATE OF CALIBRATION
Standard Radionuclide Source
62680-416
Ra-228 5 ml Liquid in Flame Sealed Vial
This standard radiocnuclide source was prepared
gravimetrically from a calibrated master solution. The

master solution was calibrated using a gdermanium gamma
spectrometer system.

Radionuclide purity and calibration were checked using a
germanium gamma spectrometer system. The nuclear decay rate
and assay date for this source are given below.

ANALYTICS maintains traceability to the National Institute
of Standards and Technology through Measurements Assurance
Programs as described in USNRC Reg. Guide 4.15, Revision 1.

ISOTCPE: Ra-228
ACTIVITY (dps): 2.585 E3
HALF-LIFE: 5.75 years
CALIBRATION DATE: November 7, 2001 12:00 EST
TOTAL UNCERTAINTY*: 4.0%
SYSTEMATIC: 3.0%
RANDOM : 1.0%

*99% Confidence Level

Impurities: y-impurities {other than decay products) <0.1%
5,07198 gramg 0.1M HCl solution with 50 pg/g Ba carrier.

P O NUMBER 9508, Item 1 (Part #4339A)

SOURCE PREPARED BY: / j /

M., D, Currie, Radiochemist

Q A APPROVED: ,/( wf wS (/[ )1fer
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QUALITY CONTROL PROGRAM
MP-009

Rev.8; 1/10/03
Title: Radicactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS

RECERTIFICATION
MP 009 _
. CURRENT DATE| 4{15!2015’0:00
SOLUTION REFERENCE #|Analytics 62680-416 . SOLUTION#| .- 'Ra-11 .7 .
Princlpal Radionuclide Half Life, Years ~ Half Life, Days
" ®Ra__ | - 5.750E+00 {7 2100E+03|
Radionuclide| . *Ra: - Reference Date| - " 11/7/2001 0:00]
Certified Activity| 6.986E-02|uCi
Certified Concentration] ~~ _ |uCi per gram
Ampoule /Solution Gross| - 0.4982|Weight, Grams
Empty Ampoule| 4.4805|Weight, Grams
Solution Net|. ~ 5.0087|Welght, Grams
Total Activity in Ampoule 0.0899uCi
Chemical Compositien of Smndard Solutlon
IHERa(NOQZ in 0.5 MHCI E
Dilution Instructions: Dilution Solvent Used fo5MHCT
Dilute to a volume of{ - ~ 1000.00 - [mifliliters
Certified Total Activity of{ - 0.0899|uCi Which Equals L.— 1.551E+05]|dpm at the date listed above

_— - I This activity concentration is kased on the original
And after dilution the activity of this solution is dpmlml reference date listed above. All activities are corrected

1o the date and time of analysis by the laboratory data
processing software,

Expiration Date:[  March 4, 2016 |

Recertified By\\‘ . Date: 4/15/15

Date: ‘(i/ 5/ 5

QC Approval

BEABES T



RBa-b
7 e
. gy, Rational Institute of Standards & Terhnology

8/ thute OF sstAMbAris
Certificate \\ge‘iv

0P~ Standard Reference Material 4251C°° &0

LM ToE
e

"+, Barium-133 Radioactivity Standard . Q

This Standard Reference Material (SRM) consists of radioactive barium-133 chioride, non-radioactive barium
chioride, and hydrochloric acid dissolved in 5 mL of distilled water. The solution is containgd in a flame-
sealed NIST borosilicate-glass ampoule. The SRM is intended for the calibration of jonization chambers and
solid-state gamma-ray spectrometry systems.

Radiological Hazard

The SRM ampoule contains barium-133 with a total activity of approximately 2.5 MBq. Barium-133 decays
by electron capture and during the decay process X-rays and gamma-rays with energies from 4 to 400 ke'V are
emitted. Most of these photons escape from the SRM ampoule and can represent a radiation hazard.
Approximate unshielded dosc rates at several distances (as of the reference time) are given in note [a]*.
Appropsate shielding and/or distance should be used to minimize personnel exposure. . The. SRM should be
used only by persons qualified to handle radioactive material.. ' o '

Chemiéal Haiéid

The SRM ampoule contains hydrochloric acid (FICI) with a concentration of 1 mole per liter of water. The
solution is corrosive and represents a health hazard if it comes in contact with. eyes or skin, If the ampoule
is to be opened to transfer the solution, the recommended procedure is given on page 2. The ampoule should
be opened only by persons qualified to handle both radioactive material and strong acid solution.

Storage and Handling

The SRM should be stored and used at a temperature between 5 and 65 °C. The solution in an ﬁﬂdpened
ampoule should remain stable and homogeneous until at least June 2004,

The ampoule (or any subsequent container) should always be clearly marked as containing radioactive
material. If the ampoule is transported it should be packed, marked, labeled, and shipped in accordance with
the applicable national, international, and carrier regulations. The solution in the ampoule is a dangerous
good (hazardous material) both because of the radioactivity and because of the strong acid.

Preparation

This Standard Reference Material was prepared in the Physics Laboratory, Ionizing Radiation Division,
Radioaciivity Group, JM.R. Hutchinson, Group Leader. The overall technical direction and physical
measurements leading to certification were provided by L.L. Lucas of the Radiocactivity Group and D.B. Golas,
Nuclear Energy Institute Research Associate.

The support aspects involved in the preparation, certification, and issnance of this SRM were coordinated
through the Standard Reference Materials Program by N.M. Trahey.

Gaithersburg, Maryland 20899 Thomas E. Gills, Chief
October 1994 Standard Reference Materials Program
SRM 4251C, page 1 of 6 . *Notes and references are on pages 5 and 6.




ERLINE QCP-ans

SEAVIEEE

% QUALITY CONTROL PROGRAM
Ee

Rev.8; 11/10/03
Tide: Radioactive Reference Standards Solutons & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRINIARY DILUTION RECERTIFICATION

QCP 00941
_ CURRENT DATE
SOLUTION REFERENCE #{NIST-SRM4251C. SOLUTION #]
{Principal Radionuclide — Half Life, Years Half Life, Days

Reference Date};

- 3.828E+03|

Radionuclide|
Certified Activity|
Certified Concentration|

993.0:00}

uCi
3]uCi per gram

Ampoule /Solution Gross| B1]Weight, Grams
Empty Ampoule 582]Weight, Grams
Solution Net ) |Weight, Grams

Total Activity in Ampoule|” - 665577 uCi

_Sol ti

Dilution Instructions: Dilution Solvent Used [am}

milliliters

Dilute to a volume of

Certified Total Activity of|.

- 666577 uCi Which Equals .. 1:478E+08]|dpm at the date listed above

And after dilution the activity of this solution is[T:ATGE#06]dpm/ml 1o 2tvity concentration is based on the original @

to the date and fime of analysis by the laboratory data
processing software.

Expiration Date:| . . -May8,2018: " -]

Verified & Approved By /“—\B Date; TI2015

QC Approval W&’%\_Zf: /A/\. Datee. 7474
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QUALITY CONTROL PROGRAM

QCP-003

|

1

Rev.8, 11/10/03
Tile: Radioactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

QCP-009-1-A Date} -
Solution Reference #{NIST.SRMA251C ol Solution # 4
Pnncl _al Rad:onuchde Half L.ife Years Half Life, Days
BT =0T, {00 - 3828E+03]
Radionuclide of interest Reference Date|': 97114993 0:00]
Parent Sclution Cone. [ 1/4BE+05: | dpmimi
Chemlcal Composmon of Standard SOIutmn
— Y
Dilution Instructions: Dilution Solvent Used IMEHGCI:

SECONDARY VOLUMETRIC DILUTION

Vol. Parent Solution: | 6] mi
Total Activity: dpm Final Activity Concentration:| - - 3.6950E+03{dpmiml
Finai Volume: |~ 00 mi

This activity concentration is based on the original
NOTES: reference date listed above. All aclivities are
- gormrected to the date and time of analysis by the
laboratory data processing software.

Expiration Date:| May B, 2016 ]

Verified & Approved By‘ : Date: 712115

“QC Approval ‘777 / / f—Q’/ ' Date: ?’"é /S
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SECTION VI

LABORATORY TECHNICIAN'S NOTES & RUNLOGS
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Printed: 1/4/2016 8:13 AM

Page 1 of 1

EBERLINE

Oak Ridge Laboratory
601 Scarboro Rd.

Internal Work Qrder

15-12122

SERVICES Oak Ridge, TN 37830 Analysi
. ysis Code
Work Order Analysis Notes Voice: 365]:48:‘;0"283 Ra226
www .eberlineservices.com Ran Number 1
# | - . Date Dept - User : : _ Notes
i 01/04/16 09:13 PREP JWOLFE ALIQUOTED AND ADDED SPIKES AND TRACERS- PH'D SAMPLES- PRECIPITATED WITH BA AND PB

CARRIERS AND AMMONIUM SULFATE- DECANTED SAMPLES AND CENTRIFUGED- SUBMITTED

RADIUM PRECIP TQ SEPARATIONS

)Gl .
e

BE=SE




Printed: 1/7/2016 10:52 AM Page 1 of 1

Qak Ridge Laboratory Internal Work Order 1 5—1 2 1 22
EBERLINE 601 Scarboro Rd.
SeRvicEs Oak Ridge, TN 37830 Analysis Code Raz226

Voice: 865.481.0683

Work Order Analysis Notes

www.eberlineservices.com Run Numbes 1
#|. ‘Date | Dept . User ST e Notes _ o
01/04/16 09:13 PREP JWOLFE ALIQUOTED AND ADDED SPIKES AND TRACERS- PH'D SAMPLES- PRECIPITATED WIiTH BA AND FB

CARRIERS AND AMMONIUM SULFATE- DECANTED SAMPLES AND CENTRIFUGED- SUBMITTED
RADIUM PRECIP TO SEPARATIONS

01/07/116 10:52 CHEM KCOULSTON ADDED EDTA TO SAMPLES AND LET SIT OVERNIGHT. SYRINGE FILTERED SAMPLES, ADDED
AMMONIUM SILFIDE AND ACETIC ACID TO SAMPLES. FILTERED ONTO TARRED FILTER PAPERS, LET
DRY UNDER HEAT LAMP REWEIGHED, AND SUBMITTED TGO COUNT.
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Ebkerline Analytical

Oak Ridge Laboratory

Printed: 1/7/2016 12:55 PM
Page 1 of 1

EBERLINE

SERVICES

kOrder

15-12127

ion. S
015857P Ammonium Hydroxide Reagent Grade JWOLFE 1/4/2016
016882D02 Ammonium Sulfate 200 mg/ml JWOLFE 1/4/2016
016561D07 Barium Carrier 1 mg/mi JWOLFE 1/4/2016
015956006 Lead Carrier 166 mg/m! JWOLFE 1/4/2016
016886P Nitric Acid Reagent Grade JWOLFE 1/4/2016
013820pP Acetic Acid Reagent Grade KCOULSTON 1/7/2016
016473S Ammonium Sulfate 200 mg/mil KCOULSTON 1/7/2016
0167975 EDTA 0.25M KCOULSTON 1/7/2016
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Printed: 1/4/2016 9:13 AM

Page 1 of t

EBERLINE

Oak Ridge Laboratory

601 Scarboro Rd.
Oak Ridge, TN 37830

intemnal Work Order

15-12122

% SERVICES Analysis Code
Work Order Analysis Notes Voice: :65|:431'°6.83 Ra223
www.eberlineservices.com Run Number 1
Date Dept : User N S Notes o o ) . :
01/04{16 09:13 PREF JWOLFE ALIQUOTED AND ADDED SPIKES AND TRACERS- PH'D SAMPLES- PRECIPITATED WITH BA AND PB

CARRIERS AND AMMONIUM SULFATE- DECANTED SAMPLES AND CENTRIFUGED- SUBMITTED

RADIUM PRECIP TO SEPARATIONS
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Printed: 1/13/2016 7:30 AM Page 1 of 1

Oak Ridge Laboratory Infernal Work Order 1 5_1 2 1 22
EBERLINE 601 Scarboro Rd.
SERVICES Oak Ridge, TN 37830 Analysi
N ysis Code
Work Order Analysis Notes Voice: 865.481.0683 Ra228
www.eberlineservices.com Run Number 1
# 1 .-Date Dept User- - .1 o o Notes : : .
11 01/04/16 0%:43 PREFP JWOLFE ALIQUOTED AND ADDED SPIKES AND TRACERS- PH'D SAMPLES- PRECIPITATED WITH BA AND PB

CARRIERS AND AMMONIUM SULFATE- DECANTED SAMPLES AND CENTRIFUGED- SUBMITTED

. RADIUM PRECIP TQ SEPARATIONS

2.1 011316 07:30 CHEM KCOULSTCN ADDED FILTER PAPERS FROM COUNT ROOM TO LABELED C-TUBES, FILLED WITH EDTA SOLUTION
o AND LET SIT OVERNIGHT. REMOVED FILTER FROM EDTA-ADDED 13 DROPS CONC HNO3, 2MLS
YTTRIUM 9MG/ML CARRIER, 2MLS 1.5MG/ML PB CARRIER, 0.3 MLS AMMONIUM SULFITE, 25 DROPS
OF 10M SODIUM HYDROXIDE, SHAKE SAMPLES, CENTRIFUGE, POUR SUPERNATE INTO CLEAN C-
TUBE AND ADD 0.3MLS AMMONIUM SULFITE AND 2MLS 1.5MG/ML PB CARRIER, SHAKE SAMPLES,
CENTRIFUGE, RINSE OTHER C-TUBES WITH DI-H20 THEN SYRINGE FILTER SUPERNATE BACK INTO
RINSED C-TUBES. ADDED 18N NAOH TO SAMPLES AND RECORDED ¥1. HOT BATHED FOR 15 MIN,
CENTRIFUGED AND DISCARDED SUPERNANT. ADDED 6N HNO3, DI WATER, AND 10N NAOH. HOT
BATHED FOR 15 MIN, CENTRIFUGED AND DISCARDED SUPERNANT. ADDED 1N HNG3, DI WATER,
AND AMMONIUM OXALATE. FILTERED ONTO TARRED FILTER PAPERS. LET DRY UNDER HEAT LAMP,
REWEIGHED AND SUBMITTED TO COUNT,
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Eherline Analytical Printed: 1/13/2016 9:04 AM

=

Oak Ridge Laboratory Page 1 of 1
Internal Wo'rk'(_)rder
EBERLINE . 15-12122
SERVICES -----:'-i;i:_:i-_ﬁ_nalY_S.i$,CO.d'e BT : RUN
Reagents Used in an Analysis
. Reagent gent Reagent Dat
e D : = Name 5 Concentration, : Recorded."
015857P Ammonium Hydroxide Reagent Grade JWOLFE 1/4/2016
016882D02 Ammonium Sulfate 200 mg/ml JWOLFE 1/4/2016
016561D07 Barium Carrier 1 mg/m| JWOLFE 1/4/2016
015956006 Lead Carrier 166 mg/mi JWOLFE 1/4/2016
016886P Nitric Acid Reagent Grade JWOLFE 1/4/2016 |
013820pP Acetic Acid Reagent Grade KCOULSTON 1/13/2016‘
0164725 Ammonium Sulfate 200 mg/ml KCOULSTON 1/13/2016
016083D02 Ammonium Sulfide 2% KCOULSTON 1/13/2016
0167975 EDTA 0.25M KCOULSTON 1/13/2016
0164595 Lead Carrier 1.5 mg/mi KCOULSTON 1/13/2016
0164538 Nitric Acid 1N KCOULSTON 1/13/2016
016455S Nitric Acid 6N KCOULSTON 1/13/2016
016403P Nitric Acid Reagent Grade KCOULSTON 1/13/2016
0164485 Sodium Hydroxide 10M KCOULSTON 1/13/2016
0164455 Sodium Hydroxide 18M KCOULSTON 1/13/2016
0169165 Yttrium Carrier 9 mg/ml KCOULSTON 1/13/20186
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Primted: 12/31/2015 2:05 AM

EBERLINE

Oak Ridge Laboratory

601 Scarboro Rd.
Oak Ridge, TN 37830

Internal Work Ordef

*

« 15-12122

SERVICES .
- Analysis Code
Work Order Analysis Notes Voice: :6?:481'06.83 com TDS
www.eberlineservices. Run Number 1
Date . Dept’ User Notes
12/31/15 02:05 PREP MHIGHTOWER Fiitered sample into tared beaker, dried, re-weighed
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SECTION VIII

ANALYTICAL DATA (RADIUM-226)
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_=Apex-Alpha”

Sample Description:
Spectrum File:

Batch Identification:
Sample Identification:
Sample Ceometry:
Procedure Description:

Detector Name:

Chamber Serial Number:
Detector Serial Numbezr:
Env., Background:
Reagent Blank:

Sample Size:

Generic Mult. Factor:
Sample Date/Time:
Acquisition Date/Time:
Acquisition Live Time:
Dequisition Real Time:

SPIKE
\\OR—ALPHAI\Canberra\ApexAlpha\Root\Data\00001384
1512122A-RA

(¢}

Sheif 2

Ra

Alpha 033
06027386A

83109

System Bkgd 1385673
<not performeds:

1.000E+000 +/- 0.C00E+000 liter
3.000E+000 Generic Div. Factor:
1/7/2016 12:16:11 PM
1/7/2016 2:51:33 PM

170.0 minutes

170.0 minutes

1.000E+000

Chem. Recovery Factor: 1.0000 +/- 0.0000
Counting Efficiency:
Effective Efficiency: 0.1862 +/- 0.0032
Control Certificate Name: Ra226_Ra-5b
Chem. Recov. of Contrecl: RA-226

Peak Match Tolerance: 0.350 MeV

0.357531 +/- €.026040

0.1862 +/- 0.0032 on 12/11/2015 8:20:49 AM

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (keV)
RA-224 5.467 15.11 55.78 2.89 0.00E+000 3.0
RA-226 4.541 248.75 12.55 4.25 0.00E+000 3.3

————— NUCLIDE ANALYSIS RESULTS ————-

Id Energy Activity MDA

Nuclide Conf. {(kev} (pCi/liter } (pCi/liter }
RA-224 0.940 5685.50% 6.78E-001 +/- 3.78E-001 3.93E-001 +/- 1.34E-002
RA-226 0.925 4785.00% 1.06E+001 +/~ 1.38E+000 4.29E-001 +/- 1.47E-002
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_=Apex-Alpha”

Sample Description: BLANK

Spectrum File: \\OR-ALPHAl\Canberra\Apexhlpha\Root\Data\00001384

Batch Identification: i512122A-RA

Sample Icentification: 02

Sample Geometry: Shelf 2

Procedure Description: Ra

Detector Name: Alpha_040

Chamber Serial Number: 060273568 |
Detector Serial Number: 91135 |
Env. Background: gystem Bkgd 138674 |
Reagent Blank: «<not performeds |
Sample Size: 1.000E+000 +/- 0.000E+000 liter

Generic Mult. Factor: 3.000E+000 Generic Div. Factor: 1.000E+000

Sample Date/Time: 1/7/2016 12:16:11 PM

Acguisition Date/Time: 1/7/2016 2:51:35 PM

Acquisition Live Time: ' 170.0 minutes

Acquisition Real Time: 170.0 minutes

Chem. Recovery Factor: 1.0000 +/- 0.0000

Counting Efficiency: 0.1847 +/- 0.0032 on 12/11/2015 8:20:48 AM

Effective Efficiency: 0.1847 +/- 0.0032

Peak Match Tolerance: 0.350 MeV

Energy Net Pk Area ambient Reagent FWHM
Nug¢lide {MeV) Pk Area Error % Backgnd Backgnd (keVv)
RA~-224 5.624 0.98 294.85 1.02 0.00E+000 3.0
RA-226 4.510 0.15 1397.8 ) 0.85 0.C0E+000 3.0

id Energy Activity MDA
Nuclide Conf. (kev) (pCi/liter ) {(pCi/liter )
RA—224. 0,985 5685.50% 4_43E-002 +/- 1.31E-001 2.85E-001 +/- 9.73E-003
RA-226 0.906 4785.00%* 6.46E-003 +/- 9.02E-002 2.58E-001 +/- 8.80E-003
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Sample Description: BC-1 DUP
Spectrum File: \\OR-ALPHAL\Canberra\Apexilpha\Root\Data\00001384
Batch Identification: 1512122A-RA
Sample Identification: 03
Sample Geometry: Shelf 2
Procedure Degcription: Ra
Detector Name: Alpha 041
Chamber Serial Number: 050269304
Detector Serial Number: 91087
Env. Background: System Bkgd 138675
Reagent Blank: <not performeds
Sample Size: 1.000E+000 +/- 0.000E+000 liter |
Generic Mult. Factor: 3.000E+000 Generic Div. Factor: 1.000E+000 |
Sample Date/Time: 12/28/2015 12:16:11 PM |
Acquigition Date/Time: 1/7/2016 2:51:37 BPM |
Acguisition Live Time: 170.0 minutes
Acguisition Real Time: 170.0 minutes
Chem. Recovery Factor: 1.0000 +/- ©.0000
Counting Efficiency: £.1900 +/- 0.0032 on 12/11/2015 8:21:11 AM
Effective Efficiency: 0.1900 +/- 0.0033
: Peak Match Tolerance: 0.350 MeV
————— PEAK AREA REPORT ————
Energy Net Pk Area  Bmbient Reagent FWHM
Nuclide {(MeV) Pk Area Error % Backgnd Backgnd (keV)
RA-224 5.577 7.66 72.63 0.34 0.00E+00Q0 3.0
RA-226 4.600 17.62 50.25 2.38 0.00E+000 6.0
————— NUCLIDE ANALYSIS RESULTS -—----
Id Energy Activity MDA
Nuclide Conf . {keV) (pCi/iiter ) (pCi/liter )
RA-224 0.985 5685.50% 3.38E-001 +/- 2.46E-001 2.11E-001 +/- 7.18E-003
RA-226 0.956 4785.00%* 7.37E-001 +/- 3.71E-001 3.43E-001 +/- 1.17E-002
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Sample Description:
Spectrum File:

Batch Identification:
Sample Identification:
Sample Geometry:
Procedure Description:

Detector Name:
Chamber Serial Number:

Detector Serial Number:

—=Apex-Alpha"

TBB-38S

\\OR-ALPHAL\Canbkerra\ApexAlpha\Root\Data\00001384

1512122A~-RA
04

Shelf 2

Ra

Alpha 042
05026S30B
84185

Env. Background:
Reagent Blank:

System Bkgd 138676
<nct performeds
0.000E+000 liter

Sample Size: 1.000E+000 +/-

Generic Mult. Factor: 3.000E+000 Generic Div. Factor: 1.000E+000
Sample Date/Time: 12/18/2015 12:16:11 PM
Acquisition Date/Time: 1/7/2016 2:51:39 PM
Acquigition Live Time: 170.0 minutes
Acquisition Real Time: 170.0 minutes
Chem. Recovery Factor: 0.5145 +/- 0.0000
Counting Efficiency: 0.1789 +/- 0.0031 on 12/11/2015 8:21:10 BAM
Effective Efficiency: 0.0920 +/- 0.0016
Peak Match Tolerance: 0.350 MeV

————— PEAK AREAR REPCORT -----

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (keV)
RA-224 5.529 5.32 21.11 0.68 0.00E+000 6.0
RA-226 4,595 7.81 76.13 1.1¢ 0.C0E+000 3.0

————— NUCLIDE ANALYSIS RESULTS —-———-

Id Enerqy Activity MDA

Nuclide Cont {keV) {pCi/liter ) (pCi/liter )
RA-224 0.968 5685.50% 4.86E~-001 +/- 4.43E-001 5.16E-001 +/- 1.77E-002
RA-226 0.954 4785.00%* 6.75E-001 +/- 5.14E-001 5.69E-001 +/- 1.95E-002
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Sample Description: TBE-1D
Spectrum File: \\OR-ALPHA1\Canberra\ApexAlpha\Root\Data\00001384
Batch Identification: 1512122A-RA
Sample Identification: 05
Sample Geometry: Shelf 2
Procedure Description: Ra
Detector Name: Alpha_ 043
Chamber Serial Numbel: 04026481A
Detector Serial Number: 21088
Env. Background: System Bkgd 138677
Reagent Blank: <not performeds
Sample Size: 1.000E+000 +/- 0.000E+000 liter
Generic Mult. Factor: 3.000E+000 Generi¢ Div. Facteoxr: 1.000E+000
Sample Date/Time: . 12/17/2015 12:16:11 PM
Acquisition Date/Time: 1/7/2016 2:51:41 PM
Acqguisition Live Time: 170.0 wminutes
Aoquisition Real Time: 170.0 minutes
Chem. Recovery Factor: 0.8679 +/- 0.0000
Counting Efficiency: 0.1890 +/- 0.0033 on 12/11/2015 8:21:08 AM
Effective Efficiency: 0.1640 +/~ 0.0029
Peak Match Telerance: 0.350 MeV

----- PEAXK AREA REPORT ==

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area BError % Backgnd Backgnd (keV)
RA-224 5.56356 31.79 36.156 2.21 0.00E+000 4.5
RA-226 4,591 36.13 33.58 1.87 0.00E+000 4.5

————— NUCLIDE ANALYSIS RESULTS -~

Id Energy Activity MDA

Nuclide Conf. (keV) (pCi/liter ) (pCi/liter )
RA-224 0.971 5685.50% 1.638+000 +/- 5.92E-001- 4.10E-001 +/- 1.40E-002
RA-226 0.952 4785.00%* 1.75E+000 +/- 5.91E-001 3.67E-001 +/- 1.25E-002
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_ZApex-Alpha”

Sample Description:
Spectrum File:

Batch Identification:
Sauple Identification:
Sample Geometry:
Procedure Desgcription:

Detector Name:
Chamber Serial Number:

Detector Serial Number:

Env. Background:
Reagent Blank:

Sample Size:

TBB-
\\OR—ALPHAl\Canberra\ApexAlpha\Root\Data\00001384
1512122A-RA

06

Shelf 2z

Ra

Alpha 044
040264818

84168

System Bkgd 138678
<not performeds>

1.000E+000 +/~ 0.000E+00C litexr

Generic Mult. Factor: 3.000E+000 Generic Div. Factor: 1.000E+000
Sample Date/Time: 12/17/2015 12:16:11 PM
Acquigition Date/Time: 1/7/2016 2:51:43 BM
Acguisition Live Time: 170.0 minutes
Acquigition Real Time: 170.0 minutes
Chem. Recovery Factor: 1.0000 +/- 0.0000
Counting Efficiency: 0.1864 +/- (0.0033 on 12/11/2015 8:21:07 AM
Effective Efficiency: 0.1864 +/- 0.0033
Peak Match Tolerance: 0.350 MeV

————— PEAK AREA REPORT -——--

Energy Net Pk Area Ambient Reagent FWHM
Nuclide {MeV) Pk Area Error % Backgnd Backgnd (keV)
RA-224 5.5490 12.66 L5.94 0.34 0.C0E+000 3.0
RA-226 4,569 90.32 20.71 0.68 0.00E+000. 8.2

————— NUCLIDE ANALYSIS RESULTS ——— -

'Id Energy Activity MDA

Nuclide Conf (keV) {pCi/liter ) {(pci/liter }
RA-224 0.973 5685.50% 5.72E-001 +/- 3.20E-001 2.16E-001 +/- 7.41E-003
RA-226 0.941 4785.00%* 3.85E+000 +/- 8.0BE-001 2.40E-001 +/- 8.23E-003
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Sample Description: TBA-1D

Spectrum File: \\CR-ALPHEAl\Canberra\ApexAlpha\Root\Data\00001384
Batch Identification: 1512122A-RA

Sample Identification: 07

Sample Geometry: Shelf 2

Procedure Desgcription: Ra

Detector Name: Alpha_ 045

Chamber Serial Number: 04026482A

Detector Serial Number: 91131

Env., Background: System Bkgd 138679

Reagent Blank: <not performed:

Sample Size: 1.000E+000 +/- 0.000E+000 liter

Generic Mult. Factor: 3.000E+0C0 Generic Div. Factor: 1.000E+000
Sample Date/Time: 12/22/2015 12:16:12 PM

Acguisition Date/Time: - 1/7/2016 2:51:45 BM

Acquigition Live Time: 170.0 minutes

Acquisition Real Time: ©170.0 minutes

Chem. Recovery Factor: "1.0000 +/- 0.0000

Counting Efficiency: 0.1710 +/- 0.0030 on 12/11/201%5 8:21:05 AM
Effective Efficiency: 0.1710 +/- 0.0030

Peak Match Tolerance: 0.350 MeV

Energy Net Pk Area Ambient Reagent FWHM
Nuclide {MeV) Pk Area Error % Backgnd Backgnd (kev)
RA-224 5.518 4,62 115.44 2,38 0.C00E+00C0 3.0
RA-226 4.626 28.15 37.59 0.85 0.00E+000 3.0

Id Energy Activity MDA
Nuclide Conf. {keV) {pCi/liter } (pCi/liter )
RA-224 0.964 5685.50%* 2.27E-001 +/- 2.62E-001 4.03E-001 +/- 1.40E-002
RA-226 0.967 4785.00%* 1.31E+000 +/- 4.94E-001 2.788~-001 +/- 9.64E-003
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Sample Description: TBB-3D

Spectrum File: \\OR-ALPHA1l\Canberra\ApexAlpha\Root\Data\00001384
Batch Identification: 1512:122A-RA

Sample Identification: 08

Sample Geometry: Shelf 2

Procedure Description: Ra

Detector Name: Alpha 046

Chamber Serial Number: 04026482B

Detector Serial Nuwber: 58762

Env. Background: System Bkgd 138680

Reagent Blank: <not performeds

Sample Size: 1.0008+000 +/- 0.000E+000 liter

Generic Mult. Factor: 2 .820E+000 Generic Div. Factor: 1.000E+000
Sample Date/Time: 12/15/2015 12:16:11 BM

Bequisition Date/Time: . 1/7/2016 2:51:48 PM

Acquisition Live Time: , 170.0 minutes

Acguisition Real Time: 170.0 minutes

Chem. Recovery Factor: 0.4117 +/- 0.0000

Counting Efficiency: 0.1806 +/- 0.0032 on 12/11/2015 8:21:03 AM
Effective Efficilency: 0.0743 +/- 0.0013

Peak Match Tolerance: 0.350 MeV

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV} Pk Area Error % Backgnd Backgnd (kev)
RA~224 5.455 1.62  253.92 2.38  0.00E+000 3.0
RA-226 . 4.6G1 18.15 47.25 0.85 0.00E+000 3.0

Id Energy Activity MDA
Nuglide Conf . {keV} {(pCi/liter )} {(pci/liter )
RA-224 0.933 5685.50% 1.73E-001 +/- 4.38E-001 8.73E-001 +/- 3.01E-002
RA-226 0.857 4785.00%* 1.82E4+000 +/- 8.64E-001 6.02E-001 +/- 2.07E-002
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Sanmple Description:
Spectrum File:
Batch Identification:

Pf\w

TBB-2D
\\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00001384
1512122A-RA

Sample Identification: 09

Sample Geometry: Shelf 2
Procedure Description: Ra
Detector Name: Alpha 047
Chamber Serial Number: 02030596A
Detector Serial MNumber: 51086

Env. Background:
Reagent Blank:

Sample Size:

System Bkgd 138681
<not performeds

1.000E+000 +/- 0©.000E+000 litex

Generic Mult. Factor: 3.0C0E+000 Generic Div. Factor: 1.C000E+000
Sample Date/Time: 12/15/2015 12:16:11 PM
Acquisition Date/Time: 1/7./2016 2:51:50 PM

Acquisition Live Time:
Acguisition Real Time:

170.0 minutes
170.0 minutes

Chem. Recovery Factor: 0.9331 +/- 0.0000
Counting Efficiency: 0.1705% +/- 0.0030 on 12/11/2015 8:21:02 AM
Bffective Efficiency: 0.1591 +/- 0.06028
Peak Match Teclerance: 0.350 MeV

----- PEAK AREA REPORT -————-

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV} Pk Area Error % Backgnd Backgnd (keVv)
RA-224 5.561 19.00 46.13 0.00 0.00E+000 3.0
RA-226 4.590 35.00 33.60 0.00 0.00E+000 3.0

wwwww NUCLIDE ANALYSIS‘RESULTS ———-—

Id 'Energy Activity MDA

Nuclide Cont {(keV) (pCi/litexr ) {(pCi/liter }
RA-224 0.980 5685.50%* 1.01E+000 +/- 4.65E-001 3.17E-001 +/- 1.10E-002
RA-226 0.852 4785 .00+* 1.75E+000 +/- 5.91E-001 3.00E-001 +/- 1.04E-002
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Sample Description: TBR-2M
Spectrum File: Y \OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00001384
Batch Identification: 1512122A-RA
Sample Identification: 10
Sample Geometry: Shelf 2
Procedure Desgcription: Ra
Detector Name: Alpha 048
Chamber Serial Number: 02030596B
Detector Serial Number: 83111
Env. Background: System Bkgd 138682
Reagent Blank: <not performeds
Sample Size: 1.000E+000 +/- 0.000E+00C liter
Generic Mult. Factor: 3.000E+000 Generic Div. Factor: 1.000E+CCO
Sample Date/Time: 12/14/2015 12:26:11 PM
Acquisiticon Date/Time: . 1/7/2016 2:51:53 PM
Acquisition Live .Time: . 170.0 minutes
Acquisition Real Time: 170.0 minutes
Chem. Recovery Factor: 0.8379 +/- 0.0000
Counting Efficiency: 0.1756 +/- 0.0031 on 12/11/2015 8:21:00 AM
Effective Efficiency: 0.1472 4+/- 0.0026
Peak Match Tolerance: 0.350 MeV

————— PEAK AREA REPORT -

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (keV;
RR-224 5.504 4,98 97.79 1.02 0.00E+Q00 3.0
RA-226 4.591 45.47 . 29.63 1.53 0.00E+000 4.5

————— NUCLIDE ANALYSIS RESULTS ==

Id Energy Bctivity MDA

Nuclide conf . (keV) (pCi/liter ) (pCi/liter )
RA-224' 0.958 5685.50% 2.85E-001 +/- 2.79E-001 3.61E-001 +/- 1.2BE-002
RA-226 ©0.952 2785.00%* 2.46E+000 +/- 7.33E-001 3.84E-001 +/- 1.32E-002
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Sample Description: MC-1

Spectrum File: ' \\CR-ALPHAl\Canberra\ApexAlpha\Root\Data\00001384
Batch Identification: 15312122A-RA

Sample Identification: 11

Sample Geometry: Shelf 2

Procedure Description: Ra

Detectoy Name: Alpha_049

Chamber Serial Number: 100061214

Detector Serial Number: 49

Env. Background: System Bkgd 138683

Reagent Blank: <not performed:

Sample Size: 1.000E+000 +/- 0.000E+000 liter

Generic Mult. Factor: 3.0008+000 Generic Div. Factor: 1.000E+000
Sample Date/Time: 12/16/2015 12:16:11 PM

Acquisition Date/Time: = 1/7/2016 2:52:55 PM

Acquisition Live Time: - - 170.0 minutes

Agguisition Real Time: 170.0 minutes

Chem. Recovery Factor: 1.0000 +/- 0.0000 )

Counting Efficiency: 0.1510 +/- 0.0027 on 12/11/2015 11:36:41 AM
Effective Efficiency: 6.1510 +/- 0.0027

Peak Match Tolerance: 0.350 MeV

Energy Net Pk Area Ambient Reagent FWHM
Nuclide . (MeV) Pk Area Error % Backgnd Backgnd (keV}
RA-224 5.476 6.64 84£.69 1.36 0.00E+000 3.0
RA-226 4.605 38.49 31.84 0.51 0.00E+00Q0 3.0

Id Energy ' Activitcy MDA
Nuclide Conf. {keV) (pCi/liter ) {(pCi/liter )
RA;224 0.944 5685.50* 3.70E-00% +/- 3.14E-001 3.82E-001 +/- 1.35E-002
RA-226 0.3959 4785.00% 2.03E+000 +/- 6.49E-001 2.76E~001 +/- 9.76E-003
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Sample Description:
Spectrum File:

Batch Identification:
Sample Identification:
Sample Geometry:
Procedure Description:

Detector Name:
Chamber Serial Number:

Detector Serial Number:

Env. Background:
Reagent Blank:

Sample Size:

Generic Mult. Factor:
Sample Date/Time:
Acquisition Date/Time:
Acquisition Live Time:
Acquisition Real Time:

Chem. Recovery Factor:
Counting Efficiency:
Effective Efficiency:

Peak Match Tolerance:

BC-1
\\OR—ALPHAl\Canberra\ApexAlpha\Root\Data\00001384
1512122A-RA

12

Shelf 2

Ra

Alpha 050

10006121EB

50

System Bkgd 138684
<not performeds:

1.000E4+000 +/- 0.000E+000 liter
3.000E+000 Generic Div. Factor:
12/28/2015 12:16:11 PM
1/7/20186 2:52:57 PM

170.0 minutes

170.0 minutes

1.000E+0090

0.9647 +/- 0.0000

0.1465 +/- 0.0026 on 12/11/2015 11:36:39 AM
0.1414 +/- 0.0025

0.350 MeV

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd {keV)
RA-224 5.503 3.81 117.34 1.19 0.00E+0C0C 3.0
RA-226 4,571 14.83 51.24 G.17 0.00E+000 3.0

————— NUCLIDE ANALYSIS RESULTS i

Id Energy Activity MDA

Nuclide Conf {keV} {pCi/liter ) (pCi/liter )
RA-224 0.958 5685 .50% 2.26E-001 +/- 2.65E-C01 3.91E-001 +/- 1.38E-002
RA-226 0.942 4785.00% 8.34E-001 +/- 4.28E-001 2.35E-001 +/- B.28E-003
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= Apex-Alpha

QA SUMMARY REPORT

Review Of QA Results - Pulser Check

Date :1/7/2016
Time : 5:34:38 AM

1/7/12016  5:34:38 AM

CHAMBER DEVICE PARAMETER FLAG DATE

Alpha 001 21f ALL Not Done

Alpha 002 21f ALL Not Done

Alpha 003 21f ALL Passed 1/77/2016 5:19:45 AM
Alpha 004 21f ALL Passed 1/7/2016 5:19:46 AM
Alpha_ 005 211 ALL Not Done

Alpha 006 21f ALL Not Done

Alpha 007 21f ALL Not Done

Alpha 008 21f ALL Not Done

Alpha 009 21f ALL Not Done

Alpha 010 21 ALL Passed 1/7/2016 5:19:47 AM
Alpha 011 21f ALL Passed 1/7/2016 5:19:48 AM
Alpha 012 21f ALL Passed 1/7/2016 5:19:49 AM
Alpha 013 J21f ALL Not Done

Alpha 014 21f ALL Not Done

Alpha 015 21f ALL Passed 1/7/2016 5:19:50 AM
Alpha 016 21f ALL Not Done

Alpha 033 Alpha Analyst100DC ALL Passed 1/7/2016 5:19:51 AM
Alpha 034 Alpha Analyst100DC ALL Passed 1/7/2016 5:19:53 AM
Alpha 035 Alpha Analyst100DC ALL Passed 1/7/2016 5:19:54 AM
Alpha 036 Alpha Analyst100DC ALL Passed 1/7/2016 5:19:56 AM
Alpha 037 Alpha Analyst100DC ALL Passed 1/7/2016 5:19:58 AM
Alpha 038 Alpha Analyst100DC ALL Passed 1/7/2016 5:20:00 AM
Alpha (39 Alpha Analyst100DC ALL Passed 1/7/2016 5:20:02 AM
Alpha 040 Alphz Analyst100DC ALL Passed 1/7/2016 5:20:04 AM
Alpha 041 Alpha Analyst100DC ALL - Passed 1/7/2016 5:20:06 AM
Alpha 042 Alpha Analyst{00DC ALL Passed 1/7/2016 5:20:08 AM
Alpha 043 Alpha Analyst100DC ALL Passed 1/7/2016 5:20:11 AM
Alpha 044 Alpha Analyst100DC ALL Passed /772016 5:20:13 AM
Alpha 045 Alpka Analyst100DC ALL Passed 1/7/2016 5:20:15 AM
Alpha 046 Alpha Analyst100DC ALL Passed 1/7/2016 5:20:17 AM
Alpha 047 Alpha Analyst100DC ALL Passed 1/7/2016 5:20:20 AM
Alpha 048 Alpha Analyst100DC ALL Passed 1/7/2016 5:20:22 AM
Alpha 049 Alpha Analyst100DC ALL Passed 1/7/2016 5:20:25 AM
Alpha 050 Alpha Analyst100DC ALL Passed 1/7/2016 5:20:27 AM
Alpha 051 Alpha Analyst100DC ALL Passed 1/7/2016 5:20;30 AM
Alpha 052 Alpha Analyst100DC ALL Passed 1/7/2016 5;20:33 AM
Alpha 053 Alpha Analyst100DC Peak FWHM Action 17772016 5:20:35 AM
Alpha 054 Alpha Analyst100DC ALL s Passed 1/7/2016 5:20:38 AM
Alpha 035 Alpha Analyst100DC Peak FWHM ¥ Action 1/7/2016 5:20:41 AM
Alpha 056 Alpha Analyst100DC ALL [ Passed . 1/7/2016 5:20:44 AM
Alpha 057 Alpha Analyst100DC ALL Passed 1/7/2016 520:47 AM
Alpha 058 Alpha Analyst1i00DC ALL Passed 1/7/2016 5:20:49 AM




Page 2 of 2

Review of QA Results - Pulser Check

/72016 5i34:38 AM -

CHAMBER .

PARAMETER

FLAG

DEVICE DATE
Alpha 059 Alpha Analyst100DC ALL Passed 1/7/2016 5:20:53 AM
Alpha 060 Alpha Analyst100DC ALL Passed 1/7/2016 5:20:55 AM
APPROVED BY:  S&—"

APPROVAL DATE:

//1/"/

GBS




Library Listing Report

6/12/12 12:16:17 PM

Page 1
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Nuclide Library Title:

Nuclide Library Description:

Radium

Ra-226, Po-218, Rn-222

Nuclide Half-Life Energy Energy Yield
Name (Seconds) (keV ) Uncert. (keV ) (%)
P0O-218 5.049E+010 6003,000% 0.000 29.9800
RN-222 5.,049E+010 5490,000% 0.000 9%.9200
RA-226 5.049E+010 4785.000% 0.000 100.00600
* = key line
TOTALS: 3 Nuclideg 3 Energy Lines

Yield
Uncert. (ARbg.+-)
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SECTION IX

ANALYTICAL DATA (RADIUM-228)
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SECTION X

BARIUM-133 ANALYTICAL TRACER DATA
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¥ 1/7/2016  11:58:18AM Page 1 of 6
= Apex-Gamma
Analysis Reportfor  1512122-01
SPIKE
Sample Identification 1 1512122-01
Sample Description : SPIKE
Sample Type : RARECOVERY
Sample Size : 1.000E+00 units
Facility : Countroom
Sample Taken On :1/7/2016 11:40:09AM
Acquisition Started 2 712016 11:44:09AM
Procedure : BAFIL
Operator : Administrator
Detector Name : GE1
Geometry : BAFIL
Live Time : 900.0 seconds
Real Time : 900.3 seconds
Dead Time : 0.03%
Peak Locate Threshold : 2,50
Peak Locate Range {in channels) :1-4096
Peak Area Range (in channels) : 19 - 4096
Identification Energy Tolerance : 1.000 keV
Energy Calibration Used Done On : 10/25/2014
Efficiency Calibration Used Done On : 11/9/2014
Efficiency Calibration Description :
Sample Number 1 31487
Peak Analysis Performed on 2 1772016 11:59:12AM
Peak Analysis From Channel 1
Peak Analysis To Channel 1 4096
Peak Energy ROI Peak Net Peak Net Area  Continuum FWHM
No. {keV) start Centroid Area Uncertainty Counts (keV)
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é{:ﬁ[
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h

b




1/7/2016  11:59:18AM Page 2 0f 6
Analysis Report for ~ 1512122-01
SPIKE
Peak Energy RO! ROI Peak Net Peak Net Area  Continuum FWHM
No. (keV) start end Centroid Area Uncertainty Counts (keV)
M 1 30.78 27 - 40 31.13 1.95E+03 92.35 1.67E+02 1.64
m 2 35.06 27 - 40 35.41 4,33E+02 52.65 1.50E+02 1.66
M 3 61.74 49 - 73 62.09 Z2.44E+02 40.94 1.06E+02 1.91
m 4 65.94 49 - 73 6£6.29 1.04E+02 37.79 1.21E+02 1.92
5 81.20 77 - 87 81.54 7.708+02 70.99 2.54E+02 1.9%4
M 6 108.96 107 - 121 109.29 3.05E+01 19.18 6.40E+01 2.58
m 7 112.01 107- 121 112.34 2.18E+02 37.84 9.60E+01 1.87
m 8 116.08 107- 121 116.41 5,33E+01 34.87 1.12E4+02 2.46
M 8 176.17 172- 195 176.48 1.91E+01 24.23 9.50E+01 2.14
10 263.45 260 - 267 263.73 2.02E+01 18.44 4.17E4+01 4,23
11 276.34 272- 281 276.61 6.42E+01 27.98 7.57E+01 1.70
iz 302.86 298 - 305 303.12 1.225402 30.72 7.52E+01 1.47
M 13 333.91 330 - 344 334.1¢6 6.58E+01 20.57 3.258+01 1.77
m 14 337.69 330- 344 337.94 2.88E+01 17.18 2.26E+01 1.77
m 15 356.06 351~ 36l 356.31 5.15E+02 46,37 2.50E+01 1,82
M 16 383,78 372 - 386 384.01 1.30E+02 24 .06 1.18E+01 1.81
m 17 386.93 372 - 396 387.16 1.61E+02 35.20 6.70E+G0 1.82
m 18 391.60 372- 396 391.83 3.92E+01 16.45 1.09E+00 1.82
M 19 414.061 410 - 421 414,83 2.8BE+01 17.75 2.50E+01 1.84
m 20 417.94 410 - 421 418.17 1.89E+01 18.73 4,.55E+01 1.84
21 436,92 432 - 441 437.14 1,11E+402 23.47 1.50E+01 1.88
22 599.91 597 - 602 600.08 1.30E+01 7.21 0.00E+00 1.19
23 614.55 611 - 618 614.71 1.08E+01 10.58 1,03E+01 4,74
24 1000.78 998 ~ 1004 1000.80 1.00E+01 6.32 0.00E+00 2.12
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet
Errors quoted at 2,000sigma
BACKGROUND SUBTRACT REPORT
Peak Analysis Performed on 1 7/2016 11:59:12AM
Env. Background File . WOR-GAMMAT\ApexRoot\Countroom\Data\0000031224.CNF
Peak Energy Original Orig. Area Ambient Backgr. Subfracted Subfracted
No. (keV) Area Uncertainty Background Uncert. Area Uncert.
M 1 30.78 1.95E+03 92,35 1.95E+03 9,23E+01
m 2 35.06 4.33E+02 52.65 4.33B402 5.27E+01
M 3 61.74 2.44E+02 40.94 2.44E+02 4,09E+01
m 4 65.94 1.04E+02 37.79 1.04E+02 3.78E+01
5 81.20 7.70E+02 70.99 7.70E+02 7.10E+01
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1/7/2016  11:59:18AM Page 3 of 6

Analysis Report for  1512122-01

SPIKE
Peak Energy QOriginal Orig. Area Ambient Backgr. Subtracted Subtracted
No. {keV) Area Uncertainty Background Uncert. Area Uncert,
M & 108.96 3.05E+01 19.18 3.05E+01 1.92E+01
m 7 112.01 2.188+02 37.84 2.18E+02 3.78E+01
m 8 116.08 6.33E+01 34.87 6.33E+01 3.49E+01
M 9 176.17 1.91E+01 24.23 1.91E+01 2.428+01
1c 263.45 2.02E+01 18.44 2.02E+01 1.84E+401
11 276,34 6.42E+01 27.98 6.42E+01 2.80E+01
12 302.86 1.22E+02 30.72 1.22E+02 3.07E+01
M 13 333.91 6.58E+01 20.57 6.58E+01 2.06E+01
m 14 337.69 2,88E+01 17.18 1.33E+00 1.44E+00 2.75E+01 1.72E+01
| m 15 356.06 5.158+02 46.37 5.15E+02  4.64E+01
| M 16 383.78 1.30E+02 24.086 1.30E+02 2,41E+01
| m 17 386.93 1.61E+02 35.20 1.61E+02 3.52E+01
m 18 391.60 3.92E+01 16.45 3.92E+01 1.65E+01
: M 19 414.61 2.88E+01 17.75 2.88E+01 1.77E+01
m 20 417.94 1.89E+01 18.73 1.89E+01 1.87E+01
21 436.92 1.11E+02 23.47 1.1iE+02 2.35E+4+01
22 599.91 1.30E401 7.21 1.30E+01 7.218+00
23 614.55 1.08E+01 10.58 1.08E+01 1.06E+01
24 1000.78 1.00E+01 6.32 7.23E-01 8.49E-01 9,28E+00 6.38E+00
M = First peak in a multiplet region
m = Qther peak in a multiplet region
‘ F = Fitted singlet
1 Errors quoted at 2.000sigma
NUCLIDE IDENTIFICATION REPORT
Nuclide Library Used : WOR-GAMMA 1\ApexRoot\Countroomitibrary\WSRC.NLB
IDENTIFIED NUCLIDES
Nuclide id Energy Yield(%s) Activity Activity
Name Confidence (keV) {pCi/units) Uncertainty
SN-113 0.96 255.12 1.93
391.69 =+ 61.90 2.32E+01 9,89E+00
; I-125 0.97 35.49 * 6.49 7.59%9E+00 9.23E-01
‘ BA-133 1.00 30.80 * 97.60 7.81E-01 3.70E-02
302.84 * 17.80 4,83E+02 1.90E+02
356.01 * 60.00 4.15E+02 5.41E+01
PA-231 1.00 9.28 42.00
10.11 20.20
283.67 1.60

302.67 % 2.30 3.74E+03 1.47E+03
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1/7/2016  11:58:18AM

Analysis Reportfor ~ 1512122-01
SPIKE

Page 4 of 6

* = Energy line found in the spectrum.
- = Manually added nuclide.
7 = Manually edited nuclide.
@ = Energy line not used for Weighted Mean Activity
Energy Tolerance : 1.000 keV
Nuclide confidence index threshold = 0.30
Errors quoted at 2.000sigma

INTERFERENCE CORRECTED REPORT

Nuclide Nuclide Wt mean Wt mean Commenis
Name d Activity Activity
SN-113 0.968 2.32E+01 9.89E+00
I-125 0.970 7.59E+00 9.238-01
X I-129 0.643

BA-133 1.000 7.81E-01 3.70E-02
PA-231 1.000 3.73E+03 1.47E+03

? = nuclide is part of an undetermined solution

X = nuclide rejected by the interference analysis

@ = nuclide contains energy lines not used in Weighted Mean Activity

Errors quoted at 2,000sigma
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1/7{2016  11:59:18AM Page 5 of 6
Analysis Reportfor  1512122-01

SPIKE
UNIDENTIFIED PEAKS
Peak Locate Performed on : 1/7/2016 11:59:12AM
Peak Locate From Channel 01
Peak Locate To Channel : 4096
Peak CPS (%) Peak Tolerance
Peak No. Energy (keV) Peak Size (CPS)  yncertainty Type Nuclide
M 3 61,74 2.71309E-01 8.38 Sum
m 4 65.94 1.15377E-01 18.20 Sum
5 81.20 8.55348E-01 4.61
M 6 108.9%¢ 3.39222E-02 31.42
m 7 112.01 2.42253E-01 8.68
m 8 116.08 7.03179E-02 27,55
M 9 176.17 2.11681E-02 63.59
10 263.45 2.23984E-02 45.74
11 276.34 7.12808E-02 21.81
M 13 333.91 7.31184E-02 15.63 Sum
m 14 337.69 3.05365B-02 31.36 Sum
M 16 383.78 1.44053E-01 9.28
m 17 386.93 1.78656E-01 10,94 Sum
M 19 414,61 3.20087E-02 30.80
m 20 417.94 2.10469E-02 49.45
21 436.92 1.23870E-01 10.53
22 599.91 1.44444E-02 27.74
23 614.55 1.20486E-02 48.80
24 1000.78 1.03073E-02 34.39
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet
Errors quoted at 2.000sigma
NUCLIDE MDA REPORT

Nuclide Library Used : WOR-GAMMA \ApexRoot\CountroomiLibrary\WSRC.NLB
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1/7/2016  11:59:18AM Page 6 of 6
Analysis Reportfor  1512122-01
SPIKE
Nuclide Energy Yield(%) Line MDA  Nuclide MDA Activity Dec. Level
Name (keV) (pCi/units) (pCiunits)  (pCi/units) (pCi/units)
FE-55 5.89 24.50 6.60E-12 6.60E-12 C.00E+00 0.00E+00C
CO-57 122.06 85.51 2.69E+01 2,69E+01 -6.85E-01 1.25E+01
136.48 10.60 2.79E+02 3.66E+01 1.30E+02
NI-59 6.92 29.80 6.80E-11 6.80E-11 0.COE+00 0.00E+00
MO-93 16.59 52.90 3.35E-05 3.35E-05 -3.07E-05 1.46E-05
18.60 10.00 1.70E-03 8.57E-04 8.07E-04
NB-93M 16.57 9.43 1.85E-04 1.85E-04 -1.708-04 8.06E-05
CD=-109 88.03 3.72 2.55E+02 2.55R+02 2.02E+01 1,19E+02
+ SN-113 255.12 1.93 1.47E+03 2.28E+01 4,14E+02 6.728+02
391.69 ¥ 61.90 2.28E4+01 2.32E+01 1.06E+01
SN-115M 23.87 16.10 1.88E-02 1.88E-02 1.89E-02 9.08E-03
25.10 22.70 1.95E~-02 1.99E-02 9,37E-03
+ I-125 35.49 * 6.49 1.76E+00 1.76E+00 7.59E+00 8.57E-01
I-129 29.78 * 57.00 6.92E~-02 6.92E-02 1.34E+00 3.37E-02
33.60 13.20 9.40E-01 -6.42E+00 4,.62E-01
39.58 7.52 1.59E+00 2.20E-01 7.43E-01
+ BA-133 30.80 * 97.60 4.04E-02 4.04E-02 7.81E-01 1.97E-02
302.84 * 17.80C 1.498+02 4,83E+02 6.92E+01
356.01 % 60.00 2.71E+01 4,15E+02 1.24E+01
CE-139 165.85 80.35 4.77E+01 4.77E+01 1,42E+01 2.22E4+01
CE-144 133.54 10.80 2.27E+02 2.27E4+02 -1.58E+(C2 1.04E+02
HG-203 279.19 77.30 4.10E+01 4.,10E+01 3.508+01 1.91E+01
PB-210 46.50 4.25 7.40E+00 7.40E+00 2.46E+00 3.42E+00
+ PA-231 .28 42.00 3.55E-09 3.55E-09 C.00E+0O 0.00E+00C
10.11 20.20 2.40E-08 0.00E+00 0.00E+Q0
283.67 1.60 1.26E+03 -2.56E+02 5.63E+02
302.67 * 2.30 1.15E4+03 3.74E+03 5.36E+02
TH-231 25.64 14,70 2.95E-02 2.95E-02 -1.80E-02 1.41E-02
84.21 6.40 1.41E+02 ~-1.71E+03 6.65B+01
PA-234M 9.89 89.00 4_.04E-09 4.04E-09 0.00E+0O 0.C0E+00
21.72 64,90 2.05E~03 4,62E-03 9,91E-04
37.93 23.75 7.42E-01 9.66E-01 3.59E-01
131.42 20.40 1.17E+02 ~-5.04E+01 5.36E+0Q1
TH-234 63.29 3.80 1.29E+02 1.29E+02 1.88E+02 6.23E+01
Np-237 29.37 14.00 3.93E-01 3.93E-01 3.41E+00 1,94E-01
86.50 12.60 7.20E+01 -2 .30E-01 3.36E+01
u-237 97.08 16.30 7.63E+01 5.80E+01 -4.,94E+01 3.54E+01
101.07 26,30 5.80E+01 1.32E+01 2.71E+01
114.00 12.30 3.42E+02 5.39E+02 1.65E+02
208.01 22.00 1.38E+02 -2.92E+01 6.23E+01
AM-241 59.54 35.90 8.26E+00 8.26E+00 4,54E+00 3.98E+00
AM-243 74.67 66.00 7.81E+00 7.81E+00 3.31E+4+00 3.66R+00
+ Nuclide identified during the nuclide identification

® v

Energy line found in the spectrum
MDA value not calculated
Half-life too short to be able to perform the decay correction
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_=Apex-Gamma

1512122-02
BLANK

Analysis Report for

11712016 11:59:28AM

Page I of 7 :/O\Ey\w

GAMMA SPECTRUM ANALYSIS

Sample Identification
Sample Description
Sample Type

Sample Size
Facility

Sample Taken On
Acquisition Started

Procedure
Operator
Detector Name
Geometry

Live Time

Real Time

Dead Time

Peak Locate Threshold

Peak Locate Range (in channels)
Peak Area Range (in channels)
|dentification Energy Tolerance

Energy Calibration Used Done On

Efficiency Calibration Used Done On
Efficiency Calibration Description

Sample Number

: 1512122-02
: BLANK
: RARECOVERY

: 1.000E+00 units
: Countroom

- 1712016 11:40:17AM
: 1712016 11:44:18AM

: BAFIL

. Administrator
: GE2

: BAFIL

: 900.0 seconds
: 900.3 seconds

:0.03%

1 250

1 1-4096

1 5-4096

0 1.000 keV

: 14272014
: 11/9/2014

: 31488

PEAK ANALYSIS REPORT

Peak Analysis Performed on

» 712016 11:52:24AM

Peak Analysis Fram Channel 1

Peak Analysis To Channel

Peak
No.

ROI
start

Energy
(keV)

: 4096

Net Area
Uncertainty

RO/
end

Peak
Centroid

~ Net Peak
Area

FWHM
(keV}

Continuum
Counts

13
&
b
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1712016 11:59:28AM Page 2 of 7
Analysis Report for  1512122-02

BLANK
Peak Energy RO! RO! Peak Net Peak NetArea Confinuum FWHM
No. {keV) start end Centiroid Area Uncertainty Counts (keV)
1 20.8¢6 18 - 24 20.98 9.46E+01 57.14 5.3154+02 1.39
M 2 30.92 27— 40 31.03 1.84E+03 92.30 2.47E+02 1.4¢6
m 3 35.12 27 - 40 35,23 3.76E+02 51.30 1.32E+02 1.46
4 46,84 45 - 49 16,04 2.75E+01 21.40 7.7184+01 1.87
5 52.96 50 - 56 53.07 3.%90E+01 32.62 1.66E+02 2.33
M 6 61.95 58 - 73 62.04 1.96E-+02 35.55 1.04E+02 1.61
m 7 66.16 58 - 73 66.25 9,260E+01 28.84 8.36E+01 1.61
m 8 81.05 76 - 85 81.14 5.88E+02 56.67 8.53E+01 1.33
M G 101.45 9 - 119 1¢1.53 1.61E4+01 22.09 7.42E+01 1.68
m 10 108.57 99 - 119 108.064 2.01E+01 23.23 8.41E+01 1.70
m 11 111.72 99~ 119 111.79 1.64E+02 34.00 9.80E+01 1.71
m 12 115.81 99 - 119 115.87 2.428+01 21.73 9.47E+01 1.43
13 133.37 131 - 137 133.42 3.21E+01 22.01 6.77E+01 3.98
14 161.83 157 - 167 161.87 4.30E+01 37.00 1.60E+02 4.60
15 213.71 211 - 216 213.72 2.00m+01 18.49 5.00E+01 2,91
16 275.96 273- 278 275.54 5.84E+01 19,97 3.33E+01 1.63
17 302.77 299 - 305 302.73 1.24E+02 30.08 8.73E+01 1.34
M 18 323.4¢0 319 - 341 323.35 1.20E+01 14,53 1.59E+01 2.05
m 19 333.40 318 - 341 333.35 5.73E+01 21.89 3.34E+01 2.07
20 356.03 352 - 360 355.96 4,60E+02 48.13 6.67E+01 1.41
21 364.34 361 - 367 364.27 1.82E+01 13.01 1.776+01 1.26
M 22 381.08 380 - 393 381.00 6.24E+00 6.24 7.975+00 1.47
m 23 380,76 380~ 393 386.68 1.75E4+02 33.69 2.02E4+01 1.9¢
m 24 390.73 380 - 393 380.64 2.818+01 18.08 1.83E+01 1.97
M 25 413.10 410 - 429 413.00 1.06E+01 12.69 1.33E+01 1.50
m 26 418.53 410 - 429 418,43 2.26E+01 16.88 1.28E+01 2.43
27 437.04 433 - 439 436.93 7.82E+01 20.72 2.16E+01 i.47
28 467.90 464 - 473 467.77 2.21E+01 13.96 1.58E+01 1.95
M 29 508.30 507 - 515 508.16 5.89E+00 6.44 9.00E+00 1.76
30 660.47 657 - 662 660.25 5.C0E+00 7.07 6.00E+00 1.28
31 827.16 825 - 829 826.87 5.08E+00 5.50 1.83E+00 2.72

M = First peak in a multiplet region
m = Other peak in a muitiplet region
F = Fitted singlet

Errors quoted at 2.000sigma

BACKGROUND SUBTRACT REPORT

Peak Analysis Performed on 1 1712016 11:59:24AM

Env. Background File : WOR-GAMMA1\ApexRootiCountroom\Data\0000031225.CNF
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17712016 11:59:28AM Page 3 of 7
Analysis Report for  1512122-02

BLANK
Peak Energy Original Orig. Area Ambient Backgr. Subtracted Subtracted
No. {keV) Area Uncertainty Bachground Uncert. Area Uncert.
1 20.8% 9.46E+01 57.14 9.46E+01 5.71E+01
M 2 30.92 1.84E403 92.30 1.84E+03 9.23E+01
m 3 35.12 3.76E+02 51.30 3.76E+02 5,13E+01
4 46.84 2.75E+01 21.4¢0¢ 9.86E+00 2.37E+00 1.76E+01 2.15E+01
5 52.96 3.9CE+01 32.62 9.74E-01 1.918+00 3.80E+01 3.27E+C1
M & 61,95 1.96E+02 35.55 1.96E+02 3.55E401
m 7 66.16 9,26E+01 28.84 9.26E+01 Z2.8B8E+01
m 8 81.05 5.88E+02 56.67 5.88E+02 5.67E+01
M 9 101.45 1.61E+01 22.08 1.61E+01 2.21E+01
m 10 108.57 2.01E+01 23.23 2.01E+01 2.32E+01
m 11 i11.72 1.64E+02 34.0C 1.64E+02 3.40E401
m i2 115.81 2.42E+C1 21.73 2.42E+01 2.17E+01
13 133.37 3.21E+01 22.01 3.218+01 2.20E+01
14 161.83 4.30E+01 37.00 4.3CE+01 3.70E+01
15 213.71 2.00E+01 18.49 2.00E+01 1.85E+01
16 275.96 5.84E+01 19.87 5.84E+01 2.00E4+01
17 302.77 1.24E+02 30.08 1.24E+02 3.01E+01
M 18 323.40 1.20E+01 14.53 1.20E+01 1.45E+01
m 1% 333.40 5.73E+01 21.89 5.73E+C1 2.19E+01
20 356.03 4.60E+02 48,13 4.60E+02 4.81E+01
21 364.34 1.82E+01 13.01 1.82E+01 1,30E+01
M 22 381.08 6.24E+00 6.24 6.24E+00 6.24E+00
m 23 386.76 1.75E+02 33.69 1,75E+02 3.37E+01
m 24 390.73 2.81E+01 18.08 2.81E+01 1.818+01
M 25 413.10 1.06E+01 12.69 1.06E+01 1.27E+01
m 26 418.53 2.26E+01 16.88 2.26E+01 1.69E+01
27 437.04 7.82E+01 20.72 7.82E+01 2.07E+01
28 467.90 2.21E+01 13.96 2.21E+01 1.40E+01
M 29 508.30 5.82E+00 6.44 5.89E+00 6.44E+0C
30 660.47 5.00E+C0O 7.07 5.00E+Q0 7.07E4+00
31 827.16 5.08E+00 5.50 5.08E+00 5.508+00

M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet

Errors guoted at 2,000sigma

NUCLIDE IDENTIFICATION REPORT

Nuclide Library Used : WOR-GAMMA1\ApexRoot\Countroom\LibranAWSRC.NLB

IDENTIFIED NUCLIDES

£

Bl

o
.
4




Analysis Report for  1512122-02

1712016 11:59:28AM Pag

edof 7

BLANK

Nuclide Id Energy Yield(%) Activity Activity
Name Confidence (keV) (pCifunits) Uncertainty
SN-113 0.82 255.12 1.93

391.69 * 61.90 1.95E+01 1.27E+C1
I-125 0.97 35,49 = 6.49 3.98E+01 5.44E+0C
BA-133 0.99 30.80 = 97.60 6.67E+00 3.35E-01

302.84 * 17.80 4,13E4+02 1.42E+02

35¢.01 = 60.00 3.77E+02 5.40E+01
CE-144 0.99 133.54 * 10.80 1.46E+02 1.035E+02
PR-210 0.98 46,50 * 4,25 1.08E+01 1.33E+01

* = Energy line found in the spectrum.
- = Manually added nuclide.
? =Manually edited nuclide.
@ = Energy line not used for Weighted Mean Activity
Energy Tolerance :  1.000 keV
Nuclide confidence index threshold = 0.30
Errors quoted at 2.000sigma

INTERFERENCE CORRECTED REPORT

Nuclide Nuclide Wt mean Wt mean Comments
Name id Activity Activity
Confidence (pCilunits) Uncertainty
SN-113 0.827 1.95E+01 1.27E+01
I-125 0.978 3.98E+01 5.44E+00
BA-133 0.9299 6.69E+00 3.35E-01
CE-144 0.995 1.46E+02 1.05E+02
PB-210 0.982 1.08E+01 1.33E+01

?
X
@

nugclide is part of an undetermined solution

nuclide rejected by the interference analysis

nuclide contains energy lines not used in Weighted Mean Activity

Errors quoted at 2.000sigma




1/7/2016  11:69:28AM Page 5 of 7
Analysis Report for  1512122-02

BLANK
UNIDENTIFIED PEAKS

Peak Locate Performed on 2 1/7/2016 11:59:24AM

Peak Locate From Channel o1

Peak Locate To Channel 1 4096

Peak CPS (%) Peak Tolerance
Peak No. Energy (keV) Peak Size (CPS)  yncertainty Type Nuclide

1 20.86 1.05060E-01 30.22 Tol. PA-234M

5 52.96 4.22328E-02 42.98
M 6 61.95 2.178728-01 9.06 Sum
m 7 66.16 1.02911E-01 15.57 Sum
m 8 81.05 6.53125E-01 4.82 Sum
M 9 101.45 1.78909E-02 68.58 Tol. U-237
m 10 108.57 2.23134E-02 57.84
m 11 111.72 1.82762E-01 10.33
m 12 115.81 2.68537E-02 44.95

14 161.83 4,77552E-02 43.05

15 213.71 2.22222E-02 46.23

16 275.96 6.48444E-02 17.11
M 18 323.40 1.33604E-02 60.40
m 19 333.40 6.36926E-02 19.09 Sum

21 364.34 2.01852E-02 35.81
M 22 381.08 6.928208-03 50.08
m 23 386.76 1.94003E-01 9.65 Sum
M 25 413.10 1.17%96E-02 58.74
m 26 418.53 2.50638E-02 37.42

21 437.04 8.68914E-02 13.25 Sum

28 467.20 2.45556E-02 31.59
M 29 508.30 6.54097E-03 54.72

30 660.47 5.55556E-(03 70.71

31 827.1¢ 5.64815E-03 54.1C

M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet

Errors quoted at 2,000sigma
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17712016 11:59:28AM Page 6 of 7
Analysis Reportfor  1512122-02
BLANK
NUCLIDE MDA REPORT

Nuclide Library Used - WOR-GAMMA1\ApexRoofiCountroomiLibrary\WSRC.NLB
Nuclide Energy Yield(%s) Line MDA  Nuclide MDA Activity Dec. Level
Name {keV) {(pCGi/units) {pCilunits) {(pCilunits) {pCifunits)
FE-55 5.89 24.50 8.07E~-07 8.07E-07 -4 . 11E~-06 3.45E-07
CO-57 122.06 85.51 1.92E+C1 1.92E+01 5.43E+00 8.92E+00
136.48 10.60 1.67E+02 -1.01E+01 7.70E+01
NI-59 6.92 29.80 7.97E-06 7.97E-06 -2.90E-05 3.76E-06
MO-93 16.59 52.90 6.41E-03 6.41E-03 -1.92E-03 3.02E-03
18.60 10.00 8.67E-02 -1.67E-01 4_.12E-02
NB-93M 16.57 9.43 3.57E-02 3.575-02 -1.07E-02 1.68E-02
CD-10¢9 88.03 3.72 2.18E+02 2.18E+02 3.85E+01 1.01E+02
+ SN-113 255,12 1.83 9.08E+02 2.41E+01 3.43E+401 4,07E+02
391.69 61.80 2.41E+01 1,95E+01 1.118+401
SN-119M 23.87 16.10 2.65E-01 2.65E-01 -1.68E-01 1.26E-01
25.10 22.70 2.69E-01 3.29%9E-02 1.28E-01
+ I-125 35.49 .49 1.35E+401 1.35E+01 3.98E+01 6.02E+00
I-129 29.78 57.00 9.68E-01 9.68E-01 5.35E+00 4.77E-01
33.60 13.20 3.88E+00 -1.90E+01 1.88E+00
39.58 7.52 5.02E+00 7.06E-01 2.29E+00
+ BA~-133 30.80 97.60 4. 71E-01 4.71E-01 6.67E+00 2.31E-01
302.84 17.80 1.42E+02 4.13E402 6.64E+01
356.01 60.00 3.17E+01 3.77E+02 1,48E+01
CE-139 165.85 80.35 2.64E+01 2.64E+01 -9.60E+00 1.21E+01
+ CE-144 133.54 10.80 1.53E+02 1.53E+02 1.46E+02 7.05E+01
HG-203 279.19 77.30 2.53E+01 2.53E+01 3.32E+00 1.15E+01
+ pPB-210 46.50 4,25 2.18E+01 2.18E+01 1.08E+01 1.00E+01
PA-231 9.28 42.00 2.18E-04 2.18E5-04 3.91E~C4 1.06E-04
10.11 20.20 1.07E-03 4.22E-03 5.27E-04
283.07 1.690 9.16E+02 -1.95E+02 4.05E+02
302.67 2.30 1.56E+03 3.12E+03 7.45E+02
TH-231 25.64 14.70 4,65E~01 4,65E-01 5.76E-02 2.21E-01
84.21 6.40 1.06E+02 -5.33E+02 4,89E+C1
PA-234M 9.89 89.00 2.02E-04 2.02E-04 7.94E-(C4 9.92E-05
21.72 €4.20 4,62E-02 3.73E-02 2.22E-02
37.93 23.75 1.75E+00 -2 .74E+00 8.18E-01
131.42 20.40 6.94E+01 4.72E+00 3.15E+01
TH-234 63.29 3.80 1.49E+02 1.49E+02 3.08E+02 7.14E+01
NpP-237 29.37 14.00 1.82E+00 1.82E+00 -3.21E+4+01 8.86E-01
86.50 12.60 6.52E+01 4,83E+00 3.04E+01
U-237 97.08 16.30 5.41E+01 4, 50E+01 -4.69E+00 2.48E+01
101.07 26.30 4.50E+01 3.62E+01 2.09E+01
114.00 12.30 2.17E+02 2.78E+02 1.04E+02
208.01 22.00 9.,76E+01 -1.93E+01 4,46E+01
AM-241 59.54 35.90 8.02E+00 8.02E+00 -3.03E+01 3.76E+00
AM-243 74,67 66,00 5.42E+4+00 5.42E+00 0.00E+CD 2.42E+00
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Energy line found in the spectrum

MDA value not calculated

Half-life too short to be able to perform the decay correction
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%l 1/7/2016  11:50:45AM Page } of 7
=Apex-Gamma
Analysis Report for 151212203
BC-1

Sample Identification 1 1512122-03
Sample Description : BC-1
Sample Type : RA RECOVERY
Sample Size : 1.000E+00 units
Facility : Countroom
Sample Taken On » /712016 11:40:28AM
Acquisition Started L 11712016 11:44:34AM
Procedure : BAFIL
Operator : Administrator
Detector Name : GE3
Geometry : BAFIL
Live Time : 900.0 seconds
Real Time : 904.2 seconds
Dead Time » 046 %
Peak Locate Threshold 1 2.50
Peak Locate Range (in channels) 1 1-40986
Peak Area Range {in channels) 1 9-4096
Identification Energy Tolerance : 1.000 keV
Energy Calibration Used Done On 1 10/25/2014
Efficiency Calibration Used Done On 1 11/9/2014
Efficiency Calibration Description :
Sample Number : 31489

Peak Analysis Performed on 1 712016 11:59:41AM

Peak Analysis From Channel 1
Peak Analysis To Channel . 4086

Peak Energy ROI RO! Peak Net Peak Net Area  Continuum FWHM

No. (keV) start end Centroid Area Uncertainty Counts {keV)
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1/7/2016  11:59:45AM Page 2 of 7
Analysis Report for  1512122-03
BC-1
Peak Energy ROI ROI Peak Net Peak Net Area  Continuum FWHM
No. (keV) start end Centroid Area Uncertainty Counts (keV)
1 21,22 19 - 25 21.47 9.79E+01 46.03 3.12E+02 2.38
2 31.04 26— 39 31.28 1.92E+03 91.98 1.81E+0C2 1.63
3 35.30 26 - 39 35.54 4.64E+02 52.72 1.48E+02 1.68
4 51.00 44 - 55 51.23 9.90E+01 51.03 2.76E+02 2.96
5 61.68 58 - 65 61.90 1.29E+02 598.06 4.,9474+02 1.30
6 66.39 65 - 70 66.61 7.68E+01 42.71 2.90E+02 1.79
7 81.29 77 - 86 81.50 7.98E+02 71.06 2.65E+02 1.90
8 112.29 108- 119 112.49 1.68E+(2 34.58 1.13E+02 2.09
9 116.4¢6 108~ 119 116.65 5.36E+01 27.35 9.47E+01 2.10
10 171.41 i68- 174 171.58 3.88E+01 22.37 6.25E+01 1.91
11 200.04 195 - 207 200.19 3.58E+01 43.63 2.04E+02 9.04
i2 275.64 267 - 280 275.75 3.13E+01 35.52 1.27EB+02 1.04
13 295.98 292 - 300 296,08 2.05E+01 20.07 4,89E+01 5.46
14 303.19% 300- 318 303.28 1.40E+0Q2 24,93 1.74E+01 1.75
15 307.32 300- 318 307.41 2.24E+01 20,33 1.36E+01 2.37
16 333.98 330- 342 334.06 6.57E+01 19.60 2.40E+01 1.89
17 338.85 330~ 342 338.92 2.34E+01 18.38 2.80E+01 2.45
18 356.47 354 - 360 356.54 4,71E+02 45,28 2.86E+01 1.95
19 384.46 3Bi- 395 384.51 9.68E+01 33.59 3.30E+01 2.56
20 387.54 381 - 395 387.5% 1.43R+02 28.52 1.17E+01 1.68
21 391,84 381 - 395 391.89 3.67E+01 23.61 3.35E+C0 2.47
22 415.10 410 - 426 415,14 4.64E+01 14.53 1.28E+01 2.15
23 418,94 410 - 426 418.98 3.06E+01 14.86 5.12E+00 2.26
24 437.44 432 - 440 437.47 8.65E+01 20.11 9.00E+00 2,09
25 468.20 464 - 476 468.22 2.67E+01 13.56 1.35E+01 2.03
26 472 .62 464 - 476 472.63 8.60E+00 12.9¢6 1.00E+0QL 2.54
27 491.37 489 - 494 491.38 8.00E+00 5.66 0.00E+00 3.00
28 571.19 567- 573 571.15 6.30E+C0 8.03 7.40E+00 2.61
29 662.58 659 - 665 662.50 8.C0E+0OC 5.66 0.00E+C0 1.33
M = First peak in 2 multiplet region
m = Other peak in a multiplet region
F = Fitted singlet
Errors quoted at 2.000sigma
BACKGROUND SUBTRACT REPORT
Peak Analysis Performed on 2 1772016 11:59:41AM
Env. Background File : WOR-GAMMA\ApexRootiCountroom\Data\0000031226.CNF
Peak Energy Original Orig. Area Ambient Backgr. Subtracted Subfracted
No. (keV) Area Uncertainty Background Uncert. Area Uncert.
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Analysis Report for  1512122-03

BC-1
Peak Energy Original Orig. Area Ambient Backgr. Subfracted Subtracted
No. (keV) Area Uncertainty Background Uncert. Area Uncert.
1 21.22 9,79E+01 46.03 9.79E+01 4.60E+01
M 2 31.04 1.928+03 91.98 1.928+03 9.20E+01
m 3 35.30 4.64E+02 52.72 4.64E+02 5.278+01
4 51.00 9,90E+01 51.03 9.90E+01 5.10E+01
5 61.68 1.29E+02 59.06 1.29E+02 5.91E+01
6 66.39 7.68E+01 42.71 7.68E+01 4.27E+01
7 81.29 7.98E+02 71.06 7.98E+02 7.11E+01%
M 8 112,29 1.68E+02 34.58 1.68E+02 3.46E+01
m 9 116.46 5.36E+01 27.35 5,36E+01 2.73E+01
10 171.41 3.88E+01 22.37 3.88E+01 2.24E+01
11 200,04 3.58E+C1 43.63 3.58E+01 4 .36E+01
12 275.64 3.13E+01 35.52 3.13E+01 3.55E+01
13 295.98 2.05E+01 20.07 5.13E-01 1.34E+4+00 1.96E+01 2.,01E+01
M 14 303.19 1.40E+02 24.93 1.40E+02 2.49E+01
m 15 307.32 2.24E+01 20.33 2.24E+01 2.03E401
M le 333.98 6.57E+01 19.60 6.57E+01 1.96E+01
m 17 338.85 2.34E401 18.38 2,34E+01 1.84E+01
18 35¢.47 4.71E+02 45.28 4.71E+02 4 _.53E+01
M 19 384.46 9.68E+01 33.59 9.68E+01 3.36E+01
m 20 387.54 1.43E+02 28.52 1.43E+02 2.85E+01
m 21 391.84 3.67E+C1 23.61 3.67E+01 2.36E+01
M 22 415,10 4,64E+01 14.53 4.64E+01 1.45E+01
m 23 418.94 3.06E+01 14.86 3.06E+01 1.49E+01
24 437.44 8.65E+01 20.11 8.65E+01 2.01E+01
M 25 468.20 2.67E+01 13.56 2.67E+01 1.36E+01
m 26 472,62 8.60E+00 12.96 8.60E+00 1.30E+01
27 491,37 8.00E+00 5.66 8.00E+C0 5.66E+00
28 571.19 6.30E+00 8.03 6.30E+0C 8.03E+00C
2% 662.58 8.00E+00 5.6% 1.79E+0CQ 1.01E+00 6.21E+00 5.73E+00

M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet

Errors quoted at 2.000sigma

NUCLIDE IDENTIFICATION REPORT

Nuclide Library Used : WOR-GAMMA1\ApexRoot\Countroomilibrar\WSRC.NLB

IDENTIFIED NUCLIDES

Nuclide
Narmne

id Energy Yield(%) Activity Activity
Confidence {keV) (pCifunits) Uncertainty
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1/7/2016  11:59:45AM Page 4 of 7
Analysis Report for ~ 1512122-03
BC-1

Nuclide id Energy Yield(%) Activity Activity
Name Confidence {keV) (pCilunits}) Uncertainty
SN-113 0.96 255.12 1.93

391.69 % 61.90 2.79E+01 1.815+01
I-125 .99 35.4¢ =* 6.49 1.44E+01 1.63E+00
BA-133 .98 30.80 ~* 97.60 1.56E+00 7.48E~02

302.84 * 17.80 6.11E+02 2.43E+02

356.01 * 60.00 4.58E+02 6.41E+01

* = Energy line found in the spectrum,
- = Manually added nuclide.
? = Manually edited nuclide.

@ = Energy line not used for Weighted Mean Activity

Energy Tolerance : 1.000 keV
Nuglide confidence index threshold = 0.30
Errors quoted at 2.000sigma

INTERFERENCE CORRECTED REPORT

Nuclide Nuclide Wt mean Wtmean Comments
Name i Activity Activity
Confidence (pCilunits) Uncertainty
SN~113 0.962 2,79E+01 1.81E+01
I-125 0.9%4 1.44E+01 1.63E+00
BA-133 0.981 1.56E+00 7.48E-02
? = nuclide is part of an undetermined sofution
X = nuclide rejected by the interference analysis
@ = nuclide contains energy lines not used in Weighted Mean Activity

Errors quoted at 2.000sigma
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Analysis Report for ~ 1512122-03
BC-1
UNIDENTIFIED PEAKS
Peak Locate Performed on T 72016 11:59:41AM
Peak Locate From Channel 01
Peak Locate To Channel : 4086
Peak CPS (%) Peak Tolerance
Peak No. Energy (keV) Peak Size (CPS)  Uncertainty Type Nuclide
i 21.22 1.08832E-01 23.50
4 51.00 1.10000E-01 25.77
5 61.68 1.43285E-01 22,20 Sum
6 66.39 8.53353E~-02 27.80 Sum
7 81.29 8.86951E-01 4.45
M 8 112.29 1.86726E-01 10.29
m 9 116.46 5.95482E-02 25.52
10 171.41 4,30794E-02 28.85
11 200.04 3.97746E-02 60.95
12 275.64 3.47368E-02 56.82
13 295.98 2.18128E-02 51.23
m 15 307.32 2.49281E-02 45,32
M 16 333.98 7.30059E~-02 14.91 Sum
m 17 338.85 2.59750E-02 39.32 Sum
M 19 384.46 1.07588E-01 17.34
m 20 387,54 1.58816E-01 9.98 Sum
M 22 415.10 5.16101E-02 15.64
m 23 418.94 3.399%7E-02 24,28
24 437.44 9.611118-02 11.63
M 25 468.20 2.96635E-02 25.40
26 472,62 9.56014E-03 75.32
27 491.37 8.88889E~03 35.36
28 571.12 7.00000E-03 63.74
29 662.58 6,.896%3E-03 46.29
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet
Errors guoted at 2.000sigma
S LBa
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Analysis Reportfor 151212203
BC-1

NUCLIDE MDA REPORT

Nuclide Library Used : WOR-GAMMA1\ApexRoot\CountroomiLibrary\WSRC.NLB

Nuclide Energy Yield(%) Line MDA Nuclide MDA Activity Dec. Level
Name (keV) (pCilunits) (pCi/units) (pCilunits) (pCi/units)
FE=55 5.89 24 .50 1.53E-10 1.53E-10 0.00E+00 0.00E+00
COo-57 122.06 85,51 2,.17E+01 2.17E+01 -7.68E+00 0. 948+00
136.48 10.60 2.48E+02 -1.17E+01 1.15E402

NI-59 .92 29.80 1.,64E-08 1.64E-08 -1.02E-07 7.63E-09
MO-93 16.59 52.90 4,298-04 4,29E-04 -5,27E~-05 2.06E-04
18.60 10.00 6.62E-03 1.09E-03 3.17E-03

NB-93M 16.57 0,43 2.38E-03 2,38E-03 -2.92E-04 1.148-03
CD-109 88.03 3.72 2.59E4+02 2.59E+02 ~5.42E+01 1.21E+02
+ SN-113 255,12 1.93 1.27E+03 2.53E+01 3.12E+01 5.67E+02
381.69 * £1.90 2.53E+01 2.79E+01 1.16E+01

SN-119M 23.87 16.10 3.69F~02 3.52E-02 -5.87E-03 1.76E-02
25.10 22.70 3,.52E-02 -8.23E-02 1.67E-02

+ I-125 35.49 * 6.49 3.22E+00 3.22E+00 1.44E+01 1.578+00
I-129 29.78 57.00 2.138-01 2,.13E-01 1.82E+00 1.05E-0C1
33.60 13.20 1.76E+00 -4 ,98%+00 8.64E-01

39.58 7.52 2.38E+00 1.0CE+00 1.11E+00

+ PA-133 30.80 «* 97.60 8.51E-02 8.51E-02 1.56E+00 4,14E-02
302.84 * 17.80 1.84E+02 6.11E+02 8.602E+01

356.01 * 60.00 2.34E+01 4 .58E+(02 1.04E+01

CE-139 165.85 80.35 3.76E+01 3.76E+01 7.368+00 1.73E+01
CE-144 133.54 10.80 2.30E+02 2.30E+02 4,98E+01 1.07E+02
HG-203 279.1¢9 77.30 4,12E+01 4,12E+01 -1.36E+00 1.91E+4+01
PB=21i0 46.50 4.25 1,25E+01 1.25E+01 6.35E+00 5.85E+00
pPa-231 9.28 42,00 1.65E-06 1.65E-06 6.04E-06 8.10E-07
16.11 20.20 S.66E~006 3.53E-05 4. 73E-06

283.67 1.60 1.40E+03 2.38E+02 6.29E+02

302.67 2.30 2.03E+03 3.01E+03 9,68E+02

TH-231 25.64 14.70 6.74E-02 6.74E-02 -7.47E~-02 3.21E-02
84.21 6.40 3.27E+02 1.08E+03 1.5%8E+02

PA-234M 9.89 89.00 1.69E-06 1.6%9E-06 6.16E-06 8.26E-C7
21.72 64,90 4,62E-03 7.02E-03 2.,22E-03

37.93 23.75 1.17E+00 1.70E+00 5.65E-01

131.42 20.40 1.12E+02 3.07E+01 5.16E+01

TH-234 63.29 3.80 1.418+02 1.41E+02 7.05E+01 6.86E4+01
Np-237 29,37 14.00 7.81E-01 7.81E-01 6.66E+00 3.85E-01
86.50 12.60 8.06E+01 6.67E4+00 3.79E4+01

U-237 97.08 16,30 7.65E+01 5,.69E+C1 -1.02E+01 3.56E+01
101.07 26.30 5.69E+01 3,.75E+01 2.66E+01

114.00 12.30 2.75E+02 3.54E+4+02 1.32E+02

208.01 22.00 i.77E+02 -1,07E+01 8.24E+01

AM-241 59.54 35.90 9.5C0E+00 S.50E+00 8.21F+00 4.58E+00
AM-243 74,67 66.00 8.37E+00 8.37E+00 6.20E-01 3.93E+00
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Nuclide identified during the nuclide identification

Energy line found in the spectrum

MDA value not calculated

Half-life too short to be able to perform the decay correction
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—=Apex-Gamma
i TN WO
Analysis Report for  1512122-04
TBB-35
Sample Identification 1 1512122-04
Sample Description : TBB-33
Sample Type : RARECOVERY
Sample Size : 1.000E+00 units
Facility : Countroom
Sample Taken On 1712016 12:16:02PM
; Acquisition Started 1 /712016 12:35:57PM
Procedure : BAFIL
Operator : Administrator
| Detector Name : GE1
Geomeiry : BAFIL
| Live Time : 800.0 seconds
| Real Time : 800.2 seconds
| Dead Time P 0.02%
{ Peak Locate Threshold : 2.50
| Peak Locate Range (in channels) : 1 - 4096
i Peak Area Range (in channels) : 19 - 4096
| ldentification Energy Tolerance : 1.000 keV
i Energy Calibration Used Done On 1 10/25/2014
' Efficiency Calibration Used Done On : 11/9/2014
| Efficiency Calibration Description :
Sample Number : 31499
Peak Analysis Performed on ;172016 12:51:00PM
Peak Analysis From Channel o1
'_ Peak Analysis To Channel : 4096
i Peak Energy ROI ROI Peak Net Peak NetArea Continuum FWHM
No. (keV) start end Centroid Area  Uncertainty Counts (keV)

o
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ﬁuﬁﬂ:
B



1/7/2016  12:51:07PM Page2 of 6

Analysis Reportfor  1512122-04

TBB-35
Peak Energy ROI ROI Peak Net Peak Net Area Continuum FWHM
No. (keV) start end Centroid Area  Uncertainty Counts {keV)
M 1 30.78 27 - 40 31.13 8.24E+02 61.35 1.04E+02 1.58
m 2 35.06 27 - 40 35.41 1.94E+02 36.06 8.54E+01 1.66
M 3 62.14 58 - 70 62.49 1.14E+02 31.65 1.02E+02 1.91
m 4 66.36 58 - 70 66.70 3.86E+01 27.53 1.02E+02 1.92
5 80.98 76 - 86 81.32 3.71+02 52.95 1.77E+02 1.87
6 111.68 108 - 115 112.01 6.98E+01 34.18 1.48E+02 1.30
7 135.63 133 - 139 135.95 2.56E+01 16.69 2.69E+01 4.58
8 275,94 272 - 279 276.21 4.32E+01 17.78 2.36E+01 1.3¢
9 302.35% 292 - 310 302.62 7.80E+01 40.29 1.148+02 1.72
10 336.05 328 - 344 336.31 6.00E+01 26.18 4.20E+01 6.73
11 355.94 351~ 360 356.19 2.41E+(2 34.2¢  3.00E+0L 1.76
j 12 376.65 373- 379 376.89 9.76E+00 13.03 2.25E+01 1.34
M 13 383.60 380 - 394 383.84 4.75E+01 16.14 5.00E+00 1.81
‘ m 14 386.92 380 - 394 387.15 6.49E+01 22.01 5.00E+00 1.82
15 415,88 411~ 420 416.11 2.308+01 19.29 4.00E+01 5.53
: l6 437.01 433 - 440 437.23 4_79E+01 16.25 1.22E+C1 1.38
17 467.77 464 - 471 467.98 1.22E+01 1G.95 1.16E+01 2.10
18 533.10 530- 53¢ 533.29 5.21E+00 6.34 3.57E+00 1.95
19 567.41 564 - 571 567.58 7.82E+00 8.72 6.36E+00 1.77
| 20 645.28 643 - 647 645.43 7.00E+00 5.2% 0.00E+00 1.47
M = First peak in a mulitiplet region
m = Other peak in a multiplet region
F = Fitted singlet
Errors quoted at 2.000sigma
BACKGROUND SUBTRACT REPORT
Peak Analysis Performed on 1 1/7/2016 12:51:00PM
Env. Background File - WOR-GAMMAT\ApexRoot\Countroom\Data\0000031224.CNF
Peak Energy Original Orig. Area Ambient Backgr. Subtracted Subfracted
No. {keV) Area Uncertainty Background Uncert. Area Uncert,
M 1 30.78 8.24E+02 61.35 8.24E+02 6.14E+01
m 2 35.06 1.94E+02 36.086 1.94E+02 3.61E+01
M 3 62.14 1.14E4+02 31.65 1.14E+02 3.17E401
m 4 66,36 3.86E+01 27.53 3.86E+01 2.75E+01
5 80.98 3.71E+02 52.95 3.71E+02 5.30E+01
6 111.68 6.98E+01 34.18 6.98E+01 3.42E+01
7 135.63 Z2,56E+01 16.69 2.56E+01 1.67E+01
8 275.94 4.32E+01 17.78 4.32E+01 1.78E+01
% 302.35 7.80E+01 40.29 7.808+01 4 _03E+01
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1712016 12:51:.07PM Page 3 of 6
Analysis Report for  1512122-04
TBB-3S
Peak Energy Original Orig. Area Ambient Backgr.  Subtracted Subtracted
No. {keV) Area Uncertainty Background Uncert. Area Uncert.
10 336.05 6.00E+01 26.18 6.00E+01 2,62E+01
11 355.94 2.41E+02 34.26 2.418+02 3.43E+01
12 376.65 9.76E+00 13.03 9.76E+00 1.30E+01
M 13 383.60 4.75E+01 16.14 4.75E+01 1.61E+01
m 14 386.92 6.49E+01 22.01 6.49E+01 2.20E+01L
15 415.88 2.30E+01 19.29 2.30E+01 1.93E+01
16 437.01 4.798+01 16.25 4_.79E+01 1.62E+01
17 467,717 1.22E+01 10.95 1.22E+01 1.10E+01
18 533.10 5.21E+00 6.34 5.21E+00 6.34E+00
19 567.41 7.82E+00 8.72 7.82E+00 8.72E+00
20 645.28 7.00E+00 5.29 7.00E+00 5.29E+00
M = First peak in a multiplet regicn
m = Other peak in a multiplet region
F = Fitted singlet
Errors quoted at 2.000sigma
MNuclide Library Used . WOR-GAMMAT\ApexRoot\CountroomiLibranAWSRC.NLB
IDENTIFIED NUCLIDES
Nuclide Id Energy Yield(%) Activity Activity
Name Confidence (keV) (pCifunits) Uncertainty
I-125 0.97 35,49 < 6.49 3.4CE+00 6.32E-01
BA-133 0.99 30.80 * 97.60 3.30E-01 2.46E-02
302.84 * 17.80 3.09E+02 1.85E+02
356.01 * 60.00 1.94E+02 3.32E+01
PA-231 0.99 9.28 42,00
10.11 20.20
283.67 1.60
302.67 * 2.30 2.39E+03 1.43E+03

* = Energy line found in the spectrum.

- = Manually added nuclide.
? = Manually edited nuclide.

@ = Energy line not used for Weighted Mean Activity

Energy Tolerance :  1.000 keV
Nuclide confidence index threshold = 0.30

Errors quoted at 2.000sigma

©
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Analysis Report for  1512122-04
TBB-38

1/7/2016

12:51:07PM

Page 4 of 6

INTERFERENCE CORRECTED REPORT

Nuclide Nuclide Wt mean Wt mean Comments
Name d Activity Activity
Confidence (pCilunits) Uncertainty
I-125 0,970 3.40E+00 6.32E-01
X I-129 0.644
BA-133 0.9%6 3.30E-01 2.46E-02
PA-231 0,999 2.39E+03 1.43E+03

?
X
@

Errors quoted at 2.000sigma

nuclide is part of an undetermined solution
nuglide rejected by the interference analysis

n u u

nuclide contains energy lines not used in Weighted Mean Activity
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1/7/2016  12:51:07PM Page 5 of 6
Analysis Report for  1512122-04
TBB-33
UNIDENTIFIED PEAKS
Peak Locate Performed on : 472016 12:51:00PM
Peak Locate From Channel o1
Peak Locate To Channel . 4096
Peak CPS (%) Peak Tolerance
Peak NO. Energy (keV) Peak Slze (CPS) Uncertainty Type Nuc"de
M 3 62.14 1.26168E-01 13.94 Sum
m 4 66.36 4,28819E-02 35.67 Sum
5 80.98 4,11813E-01 7.14
6 111.68 7.75965E-02 24,47
7 135.63 2.83903E-02 32.66
8 275.94 4.79798E~02 20.58
10 336.05 6£.66392E~02 21.82
12 376.65 1.08466E-02 66.73
M 13 383.60 5.28235E-02 16,97
m 14 386.92 7.21351E-02 16.95 Sum
15 415,88 2.55556E~02 41.93
16 437.01 5.32407E-02 16.95
17 467.77 1.35802E-02 44,81
18 533.10 5.79365E-03 60,84
19 567.41 8.68687E-03 55.75
290 645.28 7T.77778E-03 37.8C
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet
Errors guoted at 2.000sigma

Nuclide Library Used

. WOR-GAMMA 1\ApexRootiCountroomiLibrary\WSRC.NLB
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1/7/2016  12:51:07PM Page 6 of 6
Analysis Report for  1512122-04
TBB-33
Nuclide Energy Yield{%) Line MDA  Nuclide MDA Activity Dec. Level
Name (keV) (pCilunits) (pCilunits)  (pClunits) (pCilunits}
FE-55 5.89 24.50 6.60E-12 6.60E-12 0.0CE+0C 0.00E+GCO
co-57 122.0¢6 85.51 2.06E+01 2.06E+01 1.60E+01 9.29E+400
136.48 10.60 1.87E+02 1.02E+02 8.85E+01
NI-59 6.92 29.80 6.80E-11 6.80E-11 0.00E+00 0.00E+00
MO-93 16.59 52.90 2.56E-05 2.56E-05 -6.47E-06 1.06E-05
18.60 10.00 1.07E-03 -2.77E-04 4.938-04
NB-93M 16.57 9.43 1.42E~04 1.42E-04 -3.58E-05 5.,89E-05
CD-109 88.03 3.72 2.21E+C2 2.21E+02 -1.92E+01 1.02E+02
SN-113 255.12 1.93 1.098+03 1.30E+01 -1.63E+01 4.82E+02
391.69 61.90 1.30E+01 -4 .41E+00 5.68E+00
SN-119M 23.87 16.10 1.46E-02 1.46E~02 1.89E~02 7.00E-03
25.10 22.,7C 1.54E-02 1.61E-02 7.31E-03
+ I-125 35.49 6.49 1.3%E+00 1.398+00 3.40E+00 6.73E-01
I-129 29.78 57.00 5.50E-02 5.50E-02 5.65E-01 2.66E-02
33.60 13.20 6.24E-01 -2.91E+00 3.04E-01
39.58 7.52 1.17E+00 -1.96E~-01 5.33E-01
+ BA-133 30.80 97.60 3.21E~02 3.21E-02 3.30E-01 1.55E~02
302.84 17.80 2.47B+02 3.09E+02 1.18E+02
356.01 650.0C 2.14E+01 1.94E+02 9.61E+00
CE-139 165.85 80.35 4.00E401 4.0C0E+01 -1.56E+00C 1.84E+01
CE-144 133.54 10.80 2.01E+02 2.01E+02 8.30E+01 9.10E+01
HG-203 279.19 77.30 3.21E+01 3.21E+01 ~3.15E+00 1.46E+01
PB-210 46.50 4.25 6.37E+CO 6.37E+00 1.25E+00 2.90E+00
+ PA-231 9.28 42.00 3.55E-09 3.55E-09 C.00E+0C 0.00E+0C
10.11 20.20 2.4CE-08 0.00E+00 0.00E+0Q0
283.67 1.60 9.94E+02 -1.06E+0C1 4 .30E+02
302.67 2,30 1.91E+03 2.398+03 9.13E+02
TH-231 25.64 14,70 2,05E-02 2.05E-02 -4,09E-02 9.56E-03
§4.21 65.40 1.26E+02 -6.78E+02 5.88E+01
PA-234M 9.89 89.00 4,04E-09 4,04E-09 0.00E+00 0.00E+00
21.72 64.90 1.51E-03 3.07E-03 7.22E-04
37.93 23.75 5,05E-01 3.65E-01 2.40E-01
131.42 20.4Q 1.00E+02 1.18E+00 4.53E+01
TE-234 63.29 3.80C 9.14E+4+01 9.14E+01 4 .57E+01 4.38E+01
NP-237 29.37 14,00 2.61E~01 2.61E-01 1.47E+00 1.28E-01
86.50 12.60 6.57E+01 1.54E+01 3.05E+01
U-237 97.08 16.30 6.12E+01 4. 48E+Q1 -5.85E+00 2.78E+01
101.07 26.30 4.48E+01 -1.418+01 2.04E+01
114.00 12.30 2.26E+02 2.25E+02 1.07E+02
208.01 22,00 1.11E+02 2.05E+01 4.88E4+01
AM-241 59.54 35.90 5.58E+00 5.58E+00 -4,05E-01 2.64E+0C
AM-243 74.67 66.00 6.18E+00 6.18E+00 1.25E+00 2.84E+00
+ = Nuclide identified during the nuclide identification
* = Energy line found in the spectrum
> = MDA value not calculated
@ = Half-ife too short to be able to perform the decay correction
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;( 117/2016  12:17:34PM Page 1 of 7
—=Apex-Gamma
Analysis Report for  1512122-05
TBB-1D
Sample Identification 1151212205
Sample Description : TBB-1D
Sample Type : RARECOVERY
Sample Size r 1.000E+00 units
Facility . Countroom
Sample Taken On : 1/7/2016 11:40:50AM
Acquisition Started 1 1712016 12:02:24PM
Procedure : BAFIL
Operator : Administrator
Detector Name : GE1
Geometry : BAFIL
Live Time : 800.0 seconds
Real Time : 900.2 seconds
Dead Time 1 0.02%
Peak Locate Threshold ; 2,50
Peak Locate Range (in channels) 1 1-4096
Peak Area Range {in channsls) . 19 - 4096
|dentification Energy Tolerance : 1.000 keV
Energy Calibration Used Done On 1 10/25/2014
Efficiency Calibration Used Done On : 11/9/2014
Efficiency Calibration Description :
Sample Number 31491
PEAK ANALYSIS REPORT
: Peak Analysis Performed on L UTR2MM6 12:17:27PM
Peak Analysis From Channel 1
Peak Analysis To Channel 1 4096
Peak Energy RO! ROI Peak Net Peak Net Area  Continuum FWHM
No. {keV) start end Centroid Area Uncertainty Counts (keV)
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1772016 12:17:34PM Page 2 of 7
Analysis Report for 151212205

TBB-1D
Peak Energy ROI ROI Peak Net Peak NetArea Continuum FWHM
No. (keV) start end Centroid Area Uncertainty = Counts (keV}
1 30.83 27 - 39 31.18 1,42E+03 79.9¢ 1.63E+02 1.54
2 35.06 27 - 39 35.41 2.69E+02 46,32 1.08E+4+02 1.81
3 53.17 50 - 56 53.52 5.21E+4+01 31.73 1.42E+02 3.16
4 61.78 58 - 69 62.13 1.09E+02 29.93 8.94%84+01 1.43
5 65.52 58 - €9 65.87 6.76E+01 27.28 8.05E+01 1.44
6 81.14 76 - 86 81.48 5.33E+402 64.75 2.75E+02 1.99
7 111.86 107~ 120 112.19 1.26E4+02 33.35 1.08E+02 1.84
8 115.97 107 - 120 116.30 2.14E+01 26,15 1.08E+02 1.85
9 276,40 273 - 280 276.68 4.23E+401 20.78 4.35E+01 1.32
10 302.8% 297 - 309 303.16 8.75E+01 21.87 2.46E+401 1.74
11 306.84 297 - 309 307.11 1.32E+01 16.32 2.11E+01 1.75
12 333.43 330- 337 333.69 3.25E+01 26.15 9.29E+01 1.38
13 338.07 337- 341 338.33 1.83E+01 13.06 1.73E+C1 1.29
14 356.00 350 - 363 356,25 4.06E+02 41.32 1.83E+01 1.68
15 360.41 350 - 363 360.66 1.02E+01 14.66 3.53E+01 1.97
16 383.73 381 - 390 383.97 8.38E+01 23.89 3.64E+01 1.81
17 386.84 381 - 390 387.07 1.44E+02 34.56 7.13E+01 1.82
18 404 .45 402 - 408 4Q04.68 1.35E+01 9,62 7.0CE+0Q0 3.22
19 414,71 410 - 428 414.94 2.18E+02 14.28 0.00E+0Q0 2.22
20 418.22 410 - 428 418.45 1,90E+01 13.56 0.00E+00 2.23
21 422.33 410 - 428 422.55 1.21E+01 10.20 0.00E+00 2.23
22 432,61 432 - 439 432.83 8.78E+00 4,58 5.62E-02 1.85
23 436,91 432 - 439 437.13 7.39E+(1 18.28 2.92E+00 1.70
24 467.24 462 - 473 467 .45 1.68E+01 16.12 2.43E+01 2.41
25 519.84 517- 523 520.03 6.50E+00 6.65 3.00E+400 2.06
26 583.65 580~ 587 583.82 8.20E+00C 7.48 3.60E+00 1.54
27 637.54 636 - 640 637.69 5.17E+00 5.50 1.67E+00 1.89
28 644.25 641 - 647 644.40 6.25E+00 6.65 3.50E+00 2.51
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet
Errors quoted at 2.000sigma
BACKGROUND SUBTRACT REPORT
Peak Analysis Performed on 1 172016 12:17:27PM
Env. Background File : WOR-GAMMAT\ApexRoot\Countroom\Data\0000031224.CNF
Peak Energy Original Orig. Area Ambient Backgr. Subtracted Subtracted
No. (keV) Area Uncertainty Background Uncert. Area Uncert.
M 1 30.83 1,42E+03 79.99 1.42E+C3 §.00F+01




1712016  12:17:34PM Page 3 of 7
Analysis Report for ~ 1512122-05
TBB-1D
Peak Energy Original Orig. Area Ambient Backgr. Subtracted Subfracted
No (keV) Area Uncertainty Background Uncert, Area Uncert.
m 2 35.06 3.69E4+02 46,32 3.69E+02 4,63E+01
3 53.17 5.218+01 31.73 5.21E+01 3.17E+01
M 4 61.78 1.09E+02 29.93 1.09E4+02 2.99E+01
m 5 65.52 6.76E+01 27.28 6.76E+01 2.73E+01
6 81.14 5.33E+02 64.75 5.33E+02 6.47E+01
M 7 111.8%6 1.26E+02 33.35 1.26E+02 3.33E+01
m 8 115.97 2.14E+01 26.15 2.148+01 2.62E+01
8 276.490 4,238+01 20.78 4,23E+01 2.08E+01
M 10 302.89 8.75E+01 21.87 8.75E+01 2.19E+01
11 306.84 1.32E+01 16.32 1.32E+01 1.63FR+01
12 333.43 3.25E+01 26.15 3.25E+01 2.62E+01
13 338.07 1.83E+01 13,06 1.33E+00 1.44E+00 1.70E+01 1.31E+01
M 14 356.00 4.06E+02 41.32 4.06E+02 4.13E+01
m 15 360.41 1.02E+01 14.66 1.02E+01 1.47E+01
M 16 383.73 §.38E+01 23.89 8.38E+01 2.39E+01
m 17 386.84 1.44E+02 34.56 1.44E+02 3.46E+01
18 404,45 1.35E+01 9.062 1.35%E+01 9.628+00
M 19 414,71 2.18E+01 14.28 2.18E+01 1.43E+01
m 20 418.22 1.9%0E+01 13.586 1.9%0E+01 1.36E+01
m 21 422,33 1.218+01 10.20 1.21E+01 1.02E+01
M 22 432.61 8.78E4+00 4,58 §.78E+00 4 ,58E+00
m 23 436,91 7.39E+01 18.28 7.3%%+01 1.83E+01
24 467 .24 1.68E+01 16.12 1.68E+01 1.61E+01
25 519.84 6.50E+00 6.65 6.50E+00 6.65E+00
26 583.65 8.20E+0C 7.48 8.38E-01 1.08E+00 7.36E+00 7.56E+00
27 6£637.54 5.178+00C 5.50 5.17E+00 5.50E+00
28 644.25 6.25E+00 £.65 6.25E+C0 6.65E+00
M = First peak in a multiplet region
m = Other peak in a muttiplet region
F = Fitted singlet
Errors quoted at 2,.000sigma
Nuclide Library Used - WOR-GAMMAT\ApexRoot\CountroomiLibrary\WSRC.NLB
IDENTIFIED NUCLIDES
Nuclide Id Energy Yield(%) Activity Activity
Name Confidence (keV} (pCi/units) Uncertainty
I-125 0.97 35.49 = 6.49 6.47E+00 8.12E-01
BA-133 1.00 30.80 * 97.60 5.75E-01 3.25E-02
R C R R e |




17712016 12:17:34PM Page 4 of 7
Analysis Report for  1512122-05
TBB-1D
Nuclide id Energy Yield{%) Activity Activity
Name Confidence (keV) (pCifunits) Uncertainty
BA-133 1.00 302.84 17.80C 3.45E+02 1.36E+02
356.01 * 60.00 3.27E+02 4 ,548+01
PA-231 1.00 9.28 42.00
10.11 20.20
283.67 1.60
302.67 * 2.30 2.67E+03 1.05E+03

* = Energy line found in the spectrum.
- = Manually added nuclide.
? =Manually edited nuclide.
@ = Energy line not used for Weighted Mean Activity
Energy Tolerance : 1.000 keV
Nuclide confidence index threshold = 0.30
Errors quoted at 2.000sigma

INTERFERENCE CORRECTED REPORT

Nuclide Nuclide Wt mean Wt mean Comments
Name i Activity Activity
Confidence (pCifunits) Uncertainty
I-125 0.971 6.47E+00 8.12E-01
BA-133 1.000 5.75E-01 3.25E-02
PA-231 1.000 2.67E+03 1.05E+03

?
X
@

Errors quoted at 2.000sigma

nuclide is part of an undetermined solution
nuclide rejected by the interference analysis
nuclide contains energy lines not used in Weighted Mean Activity
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1712016 12:17:34PM Page 5 of 7
Analysis Reportfor  1512122-05
TBB-1D
UNIDENTIFIED PEAKS
Peak Locate Performed on T 72016 12:17:27PM
Peak Locate From Channel i1
Peak Locate To Channel : 4096
Peak CPS (%) Peak Tolerance
Peak No. Energy (keV) Peak Size (CPS)  yncertainty Type Nuclide
3 53.17 5.78455E-02 30.47
M 4 61.78 1.21658E-01 13.687 Sum
m 5 65.52 7.50870E-02 20.18 Sum
6 81.14 5.91826E-01 6.08
M 7 111.8¢6 1.40535E-01 13.18
m 8 115.97 2.37918E-02 £1.07
9 276.40 4.69531E-02 24.59
m 11 306.84 1.46834E-02 61.77
12 333.43 3.61392E-02 40,20 Sum
13 338.07 1.88877E-02 38.64 Sum
m 15 360.41 1.13420E-02 71.82
M 16 383.73 9.30639E-02 14.26
i 17 386.84 1.60306E-01 11.98 Sum
18 404.45 1.50000E-02 35.62
M 19 414.71 2.42580E-02 32,71
m 20 418.22 2.10706E-02 35.77
m 21 422.33 1.3400iE-02 42.28
M 22 432.61 9.75845E-03 26.0%
m 23 436.91 8.21612E-02 12.36
24 467.24 1.86973E-02 47.91
25 519.84 7.22222E-03 51,17
26 583.65 8.18036E-03 51.35
27 637.54 5.74074E~03 53.23
28 644.25 6.94444E-03 53.22

M = First peak in a multiplet region
m = Cther peak in a multiplet region
F = Fitted singlet

Errors quoted at 2.000sigma
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1712016 12:17:34PM Page 6 of 7
Analysis Report for ~ 1512122-05
TBB-1D
NUCLIDE MDA REPORT

Nuglide Library Used . WOR-GAMMA1\ApexRaottCountroomiLibrary\WSRC.NLB
Nuclide Energy Yield(%) Line MDA  Nuclide MDA Activity Dec. Level
Name (keV) {pCilunits) (pCi/units) (pCilunits) (pCi/units)
FE-55 5.89 24.50 6.60E~12 6.60E-12 0.00E+00 0.00E+00
co=57 122.06 85.51 2.29E+01 2.,29E+01 -4,34E+00 1.05E+01
136.48 10.60 2.12E+02 8.78E+01 9.63E+01
NT-59 6.92 29.80 6.80E-11 6.80E-11 0.00E+00 0.0084+00
MO-93 16.59 52.90 2.93E-05 2.93E-05 ~-1.62E-05 1.25E-05
18.60 10.00 1.33E-03 1.32E-05 6.23E-04
NBE-93M 16.57 9.43 1.62E-04 1.62E-04 -8.95E-05 6.90E-05
CDh-10%9 88.03 3.72 2.36E+0C2 2.36E+02 2.55E+01 1.0%E+02
SN~113 255.12 1.93 1.30E+03 1.81E+01 5.97E+02 5,85E+02
391.69 61.90 1.818+01 1.53E+01 8.26E+00
SN-119M 23.87 16.10 1.57E-02 1.57-02 1.23E-02 7.52E-03
25.10 22.70 1.64E-02 7.88E-03 7.81E-03
+ I-125 35.49 * 6.49 1.59E+00 1.59E+00 €£.47E+00C 7.74E-01
I-129 29.78 57.00 §.42E-02 9,42E-02 7.07E-01 4.64E-02
33.60 13.20 8.25E~01 -4 ,20E+00 4.04E-01
39.58 7.52 1.37B+00 -2.32E-01 6.34E-01
+ BA-133 30.80 * 97.60 3.76E-02 3.76E-02 5.75E-01 1.83E-02
302.84 * 17.80 1.52E+02 3.45E402 7.05E+01
356.01 * 60.00 2.80E+01 3.27E+02 1.29E+01
CE-13% 165.85 80.35 4.18E+0C1 4.18E+01 1.36E+01 1.92E+01
CE-144 133.54 16.80 1.95E+02 1.95E+02 -2.77E+01 g.81E+01
HG-203 279.19 77.30C 3.49E+01 3.49E+01 2.50E+01 1.60E+01
PR-210 46.50 4.25 7.93E+00 7.93E+00 2.60E+00 3.68E+00
+ PA-231 9.28 42.00 3.55E-09 3.55E-09 0.00E+00 0.00E+00
10.11 20.20 2.40E-08 0.00E+00 0.00E+00
283.67 1.60 9.94E+02 -2.96E+02 4,30E+02
302.67 * 2.30 1.17E+03 2.67E+G3 5.46E4+02
TH-231 25.64 14,70 2.46E-02 2.40E-02 -4 ,.09E~-02 1.16E-02
84.21 6.40 1.46E+02 -9.76E+02 6.88E+01
PA-234M 9.89 89.00 4.04E-09 4,04E-09 ¢.00E+00 0.00E+00
21.72 64.90 1.65E-C3 3.54E-03 7.91E-04
37.93 23.75 6.288-01 7.01E-01 3.02E-01
131.42 20.40 1.06E+02 -4 ,01E+01 4,82E+01
TH-234 63.29 3.80 1.07E4+02 1.07E+02 7.24B+01 5.15E+01
NP-237 29.37 14.00 3.40E-01 3.40E-01 2.55E+00 1,68E-01
86.50 12,60 6.46FE+01 7,.06E+00 2.99E+01
U-237 97.08 1¢.30 6.82E+01 4,69E+01 -3.45E+01 3.13E+01
101.07 26.30 4.69E+01 3.52E-01 2,15E+01
114.00 12.30 2.82E+02 3.80E+02 1.35E+02
208.01 22.00 1.55E+02 9.51E+01 7.08E4+01
AM-241 59.54 35.90 6.86E+00 6.86E+00 4,97E+00 3,28E+00
AM~-243 74,67 66.00 7.56E+00 7.56E+00 1.66E-01 3.53E+00
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Analysis Report for ~ 1612122-05

TBB-1D

1712016

12:17:34PM

Page 7 of 7

+

& v

I

Nuclide ideniified during the nuclide identification

Energy line found in the spectrum

MDA value not calculated

Half-life too short to be able to perform the decay correction
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1/7/2016  12:17:43PM Page 1 of 7
Analysis Reportfor  1512122-06
TBB-1S
Sample Identification 1 1512122-06
Sample Description : TBB-1S
Sample Type : RARECOVERY
Sample Size . 1.000E+00 units
Facility : Countroom
Sample Taken On 1 1/7/2016 11:41:03AM
Acquisition Started C 14712016 12:02:30PM
Procedure : BAFIL
Operator : Administrator
Detector Name : GE2
Geometry 1 BAFIL
Live Time : 900.0 seconds
Real Time : 900.3 seconds
Dead Time : 0.03%
Peak Locate Threshold 1 2.50
Peak Locate Range (in channels) 1 -4096
Peak Area Range (in channels} 1 5- 4096
Identification Energy Tolerance : 1.000 keV
Energy Calibration Used Done On : 111212014
Efficiency Calibration Used Done On : 11/9/2014
Efficiency Calibration Description :
Sample Number 1 31492
Peak Analysis Performed on : 1772016 12:17:39PM

Peak Analysis From Channel 01

Peak Analysis To Channel 1 4096
Peak Energy ROI RO} Peak Net Peak Net Area  Continuum FWHM

No. (keV) start end Centroid Area  Uncertainty Counts {keV)
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1712016 12:17:43PM Page 2 of 7
Analysis Report for  1512122-06

TBB-1S
Peak Energy ROI ROI Peak Net Peak NetArea Confinuum FWHM
No. (keV) start end Centroid Area Uncertainty Counts (keV)
1 20.85 19 - 24 20.97 4.,44E+01 49.68 4.61E+02 1.94
2 30.95 28 - 33 31.06 1.81E+03 101.05 5.96E+02 1.27
3 35.45 35 - 41 35.57 3.46E+02 77.21 3.04E+02 2.35
4 52.87 50 - 56 52.97 3,.69E+01 31.35 1.54E+02 1.90
5 61.68 58 - 64 61.78 1.55E+02 46.20 3.10E+02 1.30
0 66.23 66— 68 €6.32 2.82E+01 25.18 1.44E402 1.96
7 81,11 77 - 85 81.19 7.38E+02 67.27 2.40E+02 1.46
8 112.07 108- 119 112.13 1.43E+02 33.34 1.17E+02 1.56
9 116.32 108 - 119 116.38 2.70E+01 25.91 9,35E+01 1.57
10 187.83 181 - 194 187.8¢ 4,47E+01 46.16 2.17E+02 1.24
11 257.06 251 - 264 257.05 3.03E+01 28.55 7.74E+01 11.88
12 276.69 272~ 282 276.67 7.44E+01 24,24 3.92E401 1.90
13 302.84 299 - 310 302.80 1.42E+02 26.37 3.50E+01 1.55
14 307.16 299 - 310 307.12 1.938+01 15.73 3.50E+0C1 1.67
15 333.93 329 - 346 333.87 5.17E+01 18.49 1.81E+01 1.55
16 338.09 329 - 346 338.03 2.00E+01 13.49 2.47E+01 1.56
17 356.04 352 - 360 355.97 4.82E+02 49,69 7.73E+01 1.41
18 383.76 380- 389 383.68 8.77E+01 23.81 2.70E+01 2,15
19 386.96 380 - 389 386.87 1,39E+02 31.27 4.42E4+01 1.60
20 391.27 380 - 3095 391.19 4,98F+01 19.34 2.44E4+01 1.62
21 415.18 411 - 419 415.08 1.89E+01 23.32 7.23E+01 1.67
22 436.87 434 - 439 436.76 9.16E+01 20.27 8.72E+00 1.98
23 522.53 519 - 525 522.38 8.00E+00 5.66 0.00E+00 1.16
24 677.62 675 - 680 677.40 5.00E+00 4.47 0.00E+0Q0 1.00
25 690.10 686 - 694 689.87 8,10E+00 7.76 3.80E+00 1.50
26 910.91 207 - 913 210.58 1,20E+01 6.93 0.00E+00 1.50 |
27 932.12 528 - 934 931.79 5.43E+00 6.34 3.14E4+0G0 1.32 |
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet
Errors quoted at 2.000sigma
BACKGROUND SUBTRACT REPORT
Peak Analysis Performed on : 1/7/2016 12:17:39PM
Env. Background File : WOR-GAMMA 1\ApexRoot\Countroom\Data\0000031225.CNF
Peak Energy Original Orig. Area Ambient Backgr. Subftracted Subtracted
No. (keV) Area Uncertainty Background Uncert. Area Uncert.
1 20.85 4.44E+01 49,68 4.44%401 4.97E+01
2 30.95 1.81E+03 101.05 1.81E+03 1.01E+02
GBLTE



1/7/2016  12:17:43PM Page 3 of 7
Analysis Report for 151212206
TBB-15
Peak Energy Original Orig. Area Ambient Backgr. Subftracted Subfracted
No. {keV) Area Uncertainty Background Uncert. Area Uncert.
3 35.45 3.46E+02 77.21 3.46E+02 7.72E4+01
4 52.87 3.69E+01 31.35 9.74E-01 1.91E+00 3.60E+01 3.14E+01
5 61.68 1.53E+02 46.20 1,55E+02 4.62E+01
6 66.23 2.82E+01 25.18 2.82E+01 2.52E+01
7 81.11 7.38E+02 €7.27 7.38E+02 6.73E+01
M 8 112.07 1.43E+02 33.34 1.43E+02 3.33E+01
m 9 116.32 2.70E+01 25.91 2.70E+01 2.59E+01
10 187.83 4,47E+01 46.16 4.47E+01 4.62E+01
11 257.06 3.03E+01 28.55 3.03E+01 2.85E+01
12 276.69 7.44E+01 24,24 7.44E+01 2. 42E+Q1
M 13 302.84 1.42E+02 26.37 1.42E+02 2.64E+01
m 14 307.16 1.93E+01 15.73 1.93E+01 1.57E+01
M 15 333.93 5.17E+01 18.49 5.17E+01 1.85E+01
m 16 338.09 2.00E+01 13.49 2.00E+01 1.358+01
17 356.04 4 .82E+02 49,69 4.82E+02 4,.97E+01
M 18 383.76 8.77E+01 23.81 8.77E+C1 Z2.38E+01
m 19 386.96 1.39E+02 31.27 1,398+02 3.13E+01
20 391.27 4,98E+01 19.34 4.98E+01 1.93E+01
21 415.18 1.89E+01 23.32 1.89E+01 2.33E+01
22 436.87 9.16E+01 20.27 9,16E+01 2.03E+01
23 522.53 8.00E+00 5.66 8.00E+00 5.66E+00
24 677.62 5.00E+Q0 4.47 5.00E+00 4.47E4+00
25 690.10 8.10E+00 7.7€6 2.10E+00 7.76E+00
26 910.91 1.20E+01 6.93 7.4%E-C1 8.81E-01 1.13E+01 6.98E+00
27 932.12 5.43E+00 £.34 5.43E+00 6.34E+00
M = First peak in a multiplet region
m = Cther peak in a multiplet region
F = Fitted singlet
Errors quoted at 2.000sigma
Nuclide Library Used 1 WOR-GAMMA1\ApexRoot\CountroomiLibran AWSRC.NLB
IDENTIFIED NUCLIDES
Nuclide id Energy Yield(%) Activity Activity
Name Confidence (keV}) (pCilunits) Uncertainty
SN-113 93 255.12 1.93
391.69 * 61.90 3.45E+01 1.37E+01
I-125 .00 35.49 * .49 3.85E+01 8.59E+00
BA-133 .99 30.80 * 97.60 6.59E+00 3.69E-01
L EBATD



72016 12:17:43PM Page 4 of 7
Analysis Report for  1512122-06
TBB-18
Nuclide Id Energy Yield(%) Activity Activity
Name Confidence (keV) {(pCilunits} Uncertainty
BA-133 0.99 302.84 * 17.80 4.71E+02 1.45E+402
356.01 * 60.00 3.96E+02 5.62E+01

* = Energy line found in the spectrum.
- = Manually added nuclide.
? = Manually edited nuclide.
@ = Energy line not used for Weighted Mean Activity
Energy Tolerance : 1.000 keV
Nugclide confidence index threshold = 0.30
Errors quoted at 2,000sigma

INTERFERENCE CORRECTED REPORT

Nuclide Nuclide Wt mean Wt mean Commenis
Name M Activity Activity
Confidence (pCilunits) Uncertainty
SN-113 0.934 3.45E+01 1.37E+401
I-125 1.000 3.85E+01 8.59E+00
BA-133 0.998 6.61E+00 3.6%E-01
? = nuclide is part of an undetermined solution
X = nuclide rejected by the interference analysis
@ = nuclide contains energy lines not used in Weighted Mean Activity

Errors quoted at 2.000sigma

=

)
=
|=2_-|i
Jodl
E Ed

3

®




1/7/2046  12:17:43PM Page 5 of 7
Analysis Reportfor  1512122-06
TBB-18
UNIDENTIFIED PEAKS
Peak Locate Performed on 2 1/7/2016 12:17:39PM
Peak Locate From Channel 1
Peak Locate To Channel : 4086
Peak CPS (%) Peak Tolerance
Peak No. Energy (keV) Peak Size (CPS)  yncertainty Type Nuclide
1 20.85 4.93455E-02 55.93 Tol. PA-234M
4 52.87 3.99600E-02 43.66
5 61.68 1.72479E-01 14.88 Sum
& 66.23 3.13241E-02 44,66 Sum
7 81.11 8§.19970E-01 4.56
M 8 112.07 1.59127E-01 11.64
m 9 11¢.32 3.00292E-02 47.94
10 187.83 4.96805E-02 51.62
11 257.06 3.36473E-02 47.14
12 276.69 8.26832E-02 16.29
m 14 307.1¢ 2.14450E-02 40.76
M 15 333.93 5.74370E-02 17.89 Sum
m 16 338.09 2.22186E-02 33.73 Sum
M 18 383.76 9.74003E~02 13.58
m 1% 386.96 1.54127E-01 11.27 Sum
21 415.18 2.09596E-02 61.82
22 436,87 1.01823E-01 11.06
23 522.53 8.88889E-03 35.36
24 677.62 5.55556E-03 44,72
25 690.10 9.00000E~03 47.91
26 910.91 1.25015E~02 31.04
27 932.12 6.03175E-03 58.43

M = First peak in a multiplet region

m = Other peak in a multiplet region

F = Fitted singlet
Errors quoted at 2.000sigma
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1772016 12:17:43PM Page 6 of 7
Analysis Report for 151212206
TBB-1S
NUCLIDE MDA REPORT

Nuclide Library Used : WOR-GAMMA 1\ApexRootiCountroom\Libran\WSRC.NLB
Nuclide Energy Yield(%) Line MDA  Nuclide MDA Activity Dec. Level
Name {keV) (pCi/units) (pCilunits) {pCifunits) (pCi/units)
FE-55 5.89 24.50 1.01E-06 1.01E-06 —6.03E-06 4_46E-07
Co-57 122.06 85.51 1.83E+01 1.83E+01 8.15E+00 8.45E+00
136.48 10.60 1.78E+02 -6.49E+01 8.24E+01
NI-59 6.92 29.80 9.71E-05% 9.71E5-06 -2.98E-05 4,.63E-06
MG0-93 16.59 52.90 7.40E-03 7.40E-03 2.62E-03 3.528-03
18.60 10.00 8.80E-02 ~8.42E-02 4.19E-02
NB-93M 16.57 9.43 4.12E-02 4,12E-02 1.45E-02 1.96E-02
CD-109 88.03 .72 2.03E+02 2.03E+02 -1.98E+02 9.33E+01
+ SN-113 255.12 1.93 8.43E+02 1.69E4+01 -4.47E+02 3.75E+02
391.69 61.90 1.69E+01 3.45E+01 7.53E+00
SN-119M 23.87 16.10 2.57E-01 2.51E-01 -7.83E-02 1.22E-01
25.10 22.70 2.51E-C1 -5.13E-02 1.19E-01
+ I-125 35.49 6.49 1.27E+01 1.27E+C1 3.85E+01 6.19E+00
I-129 29.78 57.00 9,61E-01 9.61E-01 5.18E+00 4.74E-01
33.60 13.20 3.73E+00 -2.15E+01 1.81E+00
39.58 7,52 4.10E+00 -5.70E-01 1.83E+00
+ BR-133 30.80 97.60 3.37E-01 3.37E-01 6.59E+00 1.64E-0C1
302.84 17.80 1.40E+02 4.71E+02 6.54E+01
356.01 60.00 3.36E+01 3.96E+02 1.57E+01
CE-139 165.85 80.35 2.76E+01 2.76E+01 3.76E+00 1.28E+01
CE-144 133.54 10.80 1.79E+02 1.79E+02 1.07E+02 8.34E+01
HG-203 279.19 77.30 2.80E+01 2.80E+01 1.79E+00 1.298+01
PB-210 46.50 4.25 1.85E+01 1.85E+01 9.56E+00 8.45E+00
pPA-231 9.28 42.00 2.22E-C4 2.22E-04 3.68E-04 1.059E-04
10.11 20.20 1.07E-03 3.87E-03 5.24E-04
283.67 1.69 7.59E+02 1.95E+01 3.27E+02
302.67 2.30 1.56E+03 3.53E+03 7.45E+02
TH-231 25.64 14.70 4,.70E-01 4,70E-01 -2.20E-01 2.24E-01
84.21 6.40 1.03E+02 -6.62E+02 4,74E+01
PA-234M 9.89 89.00 2.01E-04 2.01E-04 7.48E~-04 %.87E-05
21.72 64.90 4.17E-02 2.83E-02 1,99E-02
37.93 23.75 1.62E+00 ~-3.38E+00 7.50E-01
131.42 20,40 8.47E+01 -2.86E+(1 3.92E+01
TH~234 63.29 3.80 1.49E+02 1.49E+02 2.60E+02 7.14E+01
NP-237 29.37 14.00 1,.77E+00 1.77E+00 -3.24E+01 §.58E-01
86.50 12.60 5.84E+01 -6.17E+01 2.69E+01
U-237 97.08 16.30 6.91E+01 5,32E+01 -2.21E+01 3.22E+01
101.07 26.30 5.32E+01 2.61E+01 2.50E+01
114.00 12.30 2.20E+02 3.72E+02 1.06E+02
208.01 22.00 5,77E+01 -7.22E+01 4.46E+01
AM-241 59.54 35.90 9.01E+Q0 9.01E+00 -2.878+01 4,25E+00C
AM-243 74.67 66,00 6.68E+0D 6.68E+00 1,19E+00 3.05E+00

UG RIS




Analysis Report for  1512122-06

1/7/2016

12:17:43PM

Page 7 of 7

TBB-18
+ = Nuclide identified during the nuclide identification
* = Energy line found in the spectrum
> = MDA value not calculated
@ = Half-life foo short to be able to perform the decay correction
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g 1/7/2016  12:17:53PM Page 1 of 6
—=Apex-Gamma
Analysis Report for ~ 1512122-07
TBA-1D
Sample Identification 1 151212207
Sample Description : TBA-1D
Sample Type : RARECOVERY
Sample Size » 1.000E-+00 units
Facility : Countroom
Sample Taken On 1 1712016 11:41:14AM
Acquisition Started 1 V72016 12:02:39PM
Procedure : BAFIL
Operator : Administrator
Detector Name . GE3
Geometry : BAFIL
Live Time : 800.0 seconds
Real Time : 904.3 seconds
Dead Time : 048 %
Peak Locate Threshold 1 2.50
Peak Locate Range (in channels) : 1-4096
Peak Area Range (in channels} 1 9-4096
Identification Energy Tolerance : 1.000 keV
Energy Calibration Used Done On : 10/25/2014
Efficiency Calibration Used Done On ;117872014
Efficiency Calibration Description :
Sample Number 1 31483
Peak Analysis Performed on 1 11712016 12:17:49PM

Peak Analysis From Channel t 1

Peak Analysis To Channel : 4096
Peak Energy ROI Peak Net Peak NetArea Confinuum FWHM

No. (keV) start Centroid Area  Uncertainty Counts (keV)




1772016 12:17:53PM Page 2 0f 6
Analysis Report for  1512122-07
TBA-1D
Peak Energy RO! ROI Peak Net Peak NetArea  Continuum FWHM
No. (keV) start end Centroid Area Uncertainty Counts {keV}
M 1 21.23 18 - 41 21.47 1.10E+02 34.55 1.65E+02 1.95
m 2 26,41 18 ~ a1 26.65 5.19E+01 33.50 1.62E+02 2.05
m 3 30.99 18 - 41 31.23 1.89E+03 88.97 1.15E+02 1.65
m 4 35.33 ig8 - 41 35.56 4,83E+02 49.87 9,58E+01 1.71
M 5 53.06 49 - 70 53.28 4.27E+01 38.44 2.24E4+02 2.36
m 6 62.10 49 ~ 70 62.32 2,34E+02 44 .61 2.10E+02 1,91
m 7 66.06 49 ~ 70 66.28 1.C4E+02 45.84 2.64E+02 2.40
8 81.36 77 - B6 81.57 7.72E+02 68.93 2,31E+02 2.00
M 9 112.09 108 - 122 112.29 1.698+02 34.29 §.99E401 1.90
m 10 116.48 108 - 122 116.67 4.30E+01 26.23 7.29E4+01 1.91
11 276.41 273 - 281 276,52 6.28E+01 28.01 8.43E+01 1.51
M 12 303.10 293- 310 303.20 1.23E+02 24 .67 2.91E+01 1.59
m 13 307.28 293 - 310 307.37 1.45E+01 20.17 4,95E+01 2.15
14 333.45 328 - 336 333.53 7.20E401 27.50 7.20E+01 1.86
i5 356.34 350 - 361 356.41 4,32E4+02 45,43 4,23E+01 1.96
M 16 384.45 381 - 394 384.51 1.13E+02 31.00 1.78E+0C1 2.47
m 17 387.28 381 - 394 387.33 1.85E+02 34.64 1.14E+01 1.99
m 18 391.64 381 - 394 391.69 3.20E+01 15.62 6.59E4+00 2.00
M 19 414,98 411 - 425 415.02 3.65E+01 16.77 1.62E+01 2.26
m 20 4118.36 411 - 425 418,39 2.26E+01 17.47 1.84E+01 2.26
21 437.24 432 - 441 437.26 7.76E+01 20.37 1,48E4+01 1.80
22 468.37 45 - 471 468.38 1.81E+01 13,01 1.79E+01 1.85
23 583.65% 591 - 595 553.60 5.00E+00 4,47 0.Q0E+00 1.70
M = First peak In a multiplet region
m = Other peak in a muitiplet region
F = Fitted singlet
Errors quoted at 2.000sigma
BACKGROUND SUBTRACT REPORT
Peak Analysis Performed on 2 1712016 12:17:49PM
Env. Background File 1 WOR-GAMMAT\ApexRoot\Countroom\Data\0000031226.CNF
Peak Energy Original Orig. Area Ambient Backgr. Subtracted Subtracted
No. {(keV) Area Uncertainty Background Uncert. Area Uncert.
M 1 21.23 1.10E+02 34.55 1.10E+02 3.46E+01
m 2 26.41 5.19E+01 33.50 5.19E+01 3.35E+01
m 3 30.99 1.89E+03 88.97 1.89E+03 8.90E+01
m 4 35.33 4.838402 49.87 4.83E4+02 4,99E+01
M 5 53.06 4.27m+01 38.44 4,27E+01 3.84E+01
m 6 62.10 2.34E+02 144.61 2.348+02 4.46E+01
L EELAS




172016 12:17:53PM Page 3 of 6
Analysis Reportfor  1512122-07
TBA-1D
Peak Energy Original Orig. Area Ambient Backgr. Subfracted Subtracted
No. {keV) Area Uncertainty Background Uncert. Area Uncert,
m 7 66.06 1.04E+02 45.84 1.04E+02 4,58E+01
8 81.36 7.72E+02 68.93 7.72E+02 6.89E+01
M 9 112.08 1.69E+02 34.29 1.6%E+02 3.43E+01
m 10 116.48 4,30E+401 26.23 4,30E+01 2.62E+01
i1 276.41 6.28E+01 28.01 6.28E+01 2.80E+01
M 12 303.10 1.238+02 24.67 1.23E+02 2.47E+01
m 13 307.28 1.45E+01 20.17 1.45E+01 2.02E+01
14 333.45 7.20E+01 27.50 7.20E+01 2.75E+01
15 356.34 4,.32E+02 45.43 4.32E+02 4 .54E+01
M 16 384.45 1.13E+02 31.00 1.13E+02 3.10E+01
m 17 387.28 1.83E+02 34.64 1.85E+02 3.46E+01
m 18 391.64 3.20E+01 15.62 3.20E+01 1.56E+01
M 19 414.98 3.65E+01 16.77 3.65E+01 1.68E+01
m 20 418,36 2.2¢E+01 17.47 2.26E+01 1.75+01
21 437.24 7.76E+01 20.37 7,76E+01 2.04E+01
22 468.37 1.81E+01 13.01 1.81E+01 1.30E+01
23 593.65 5.00E+00 4,47 5.0CE+00 4,47E+00
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet
Errors quoted at 2.000sigma
Nuclide Library Used  : WOR-GAMMAT\ApexRoot\CountroomiLibrary\WSRC.NLB
IDENTIFIED NUCLIDES
Nuclide Id Energy Yield(%s) Activity Activity
Name Confidence (keV) (pCi/units) Uncertainty
SN-113 0.%6 255,12 1.63
391.68 * 61.90 2.44E+01 1.21E+01
I-125 0.99 35.49 * 6.49 1.50E+401 1.55E+00
BA-133 0.99 30.80 * 97.60 1.52E+00 7.13E-02
3062.84 * 17.80 5.39E+02 2.20E+02
356.01 ~* 60.00 4,.21E+02 6.15E+01
THE-231 0.91 25.64 * 14.70 7.92E-02 5.11E-02
84.21 6.40




147/2016  12:17:53PM

Analysis Report for 151212207
TBA-1D

Page 4 of 6

* = Energy line found in the spectrum.
- = Manually added nuclide.
? = Manually edited nuclide.
@ = Energy line not used for Weighted Mean Activity
Energy Tolerance : 1.000 keV
Nuclide confidence index threshold = 0.30
Errors quoted at 2,000sigma

INTERFERENCE CORRECTED REPORT

Nuclide Nuclide Wt mean Wtmean Comments
Name d Activity Activity
Confidence (pCilunits) Uncertainty
SN-113 0.265 2.44E+01 1,21E+01
I-125% 0.896 1.50E+01 1.55E+0C
BA-133 0.990 1.52E+00 7.13E-02
TH-231 0.91¢6 7.92E-02 5.11E-02
? = nuclide is part of an undetermined sclution
X = nuclide rejected by the interference analysis
@ = nuclide contains energy lines not used in Weighted Mean Activity

Errors quoted at 2.000sigma
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Analysis Report for

1512122-07
TBA-1D

17/2016  12:17:53PM Page 5 of 6

UNIDENTIFIED PEAKS

Peak Locate Performed on
Peak Locate From Channel

L T2016 12:17:49PM
o1

Peak Locate To Channel . 4096
Peak CPS (%} Peak Tolerance
Peak No. Energy (keV) Peak Size (CPS)  Uncertainty Type Nuclide
M 1 21.23 1.22681E~01 15.65
M 5 53.06 4. 74050E-0C2 45.05 Sum
m 6 62.10 2.60047E-01 9.53 Sum
m 7 66.06 1.15091E-01 22.13 Sum
8 81.36 8.58118E-01 4.4¢6
M 9 112.09 1.87851E-01 10.14
m 10 116,48 4,.77876E~02 30.49
11 276.41 6.98095E-02 22.29
m i3 307.28 1.6104%E-02 69.59
14 333.45 8.00000E-02 19.09 Sum
M 16 384.45 1.25636E-01 13.71
m 17 387.28 2.06050E-01 9.34 Sum
M 19 414.98 4.05361E-02 22,98
m 20 418.3¢6 2.51640E-02 38.57 Sum
21 437.24 8.62353E-02 13.12
22 468.37 2.00617E-02 36.03
23 583.65 5.55556E-03 44,72
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet
Errors quoted at 2.000sigma
NUCLIDE MDA REPORT

Nugclide Library Used

1 WOR-GAMMA T\ApexRoot\CountroomiLibrary\WSRC.NLB
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1712016 12:17:53PM Page 6 of 6
Analysis Report for  1512122-07
TBA-1D
Nuclide Energy Yield(%s) Line MDA  Nuclide MDA Activity Dec. Level
Name (keV) {pCi/units) (pCifunits) {pCi/units) (pCifunits)
FE-55 5.89 24.50 1.538-10 1.53E-10 0.00E+QO 0.00E+00C
co-57 122,06 85.51 2.17E+C1 2.17E+01 -9.35E-01 8.94E+00
136.48 10.60 2.46E+02 -1.28E+01 1.14E+02
NI-59 6.92 29.80 3.11E-09 3.11E-(C9 -1.61E-08 9.85E-10
MC—-93 16.59 52.90 2.62E-04 2.62E-04 4,32E-05 1.22E-04
18.60 10.00 5.71E-03 -3.01E-03 2.72E-03
NB-923M 16.57 9.43 1.458-03 1.45E-03 2.40E-04 6.77E-04
CD-109% 88.03 3.72 2.21E+02 2.21E+02 -9.68E+00 1.028+02
+ SN-113 255.12 1.93 1.55E+03 2.02E+01 -8.55E+02 7.08E+02
391.69 61.90 2.02E+01 2.44E+01 9.07E+00
SN-119M 23.87 16.10 3.53E-02 3.34E-02 -2 .20E-02 1.69E-02
25.1C 22.70 3.34E~02 -8.06E-02 1.58E-02
+ I-125 35.49 6.49 4 .31E+0C0 4 _31E+CO 1.50E+01 2.11E+00
I-129 29.78 57.00 2.0%E-01 2.0%E-C1 1.80E+00 1.03E-01
33.60 13.20 1.68E+00 -7.35E4+00 8.28E-01
39.58 7.52 2.36E+00 -2.35E+0Q0 1.10E+00
+ BA-133 30.80 97.60 1.11E-01 1.11E-01 1.52E+00 5.46E-02
302.84 17.80 2.33E4+02 5.388+02 1.11E+02
356.01 60.00 3.20E+01 4,21E+02 1.47E+01
CE-139 165.85 80.35 3.%26E+01 3.96E+01 -7.33E+00 1.83E+01
CE-144 133.54 10.80 2.26E+02 2.26E+02 2.41E+01 1.05E+02
HG-203 279.19 77.30 5.32E+01 5.32E+01 6.33E+01 2.51E+01
PB-210 46.50 4.25 1.1¢2E+01 1.19E+01 -1.51E+00 5.55E+00
PA-231 9.28 42.00 6.11E-07 6.11E-07 3.94E-07 2.88E-07
10.11 20.20 3.56E-06 2.30E-06 1.68E-06
283.67 1.60 1.588B+03 1.53E+02 7.19E+02
302.67 2.30 1.97E+03 2.75E+03 9.39E+02
+ TH-231 25.64 14.70 2.,14E-01 2.145-01 7.92E-02 1.05E-01
84.21 6.40 3.10E+02 9.64E+02 1.51E+02
PA-234M 9.89 89.00 6.22E-07 6.22E-07 4,.01E-07 2.93E-07
21.72 64,90 4,32E-03 6.94E-03 2.07E-03
37.93 23.75 1.20E+00 2.40E+00 5.80E~01
131.42 20.40  1.10E+02 -3.40E+01 5.05E+01
TH-234 63.29 3.80 1.42E+02 1.42E+02 1.29E+02 6.91E+01
Np-237 29.37 14.00 7.66E-0C1 7.66E-01 6.60E+00 3.78E-01
86.50 12.60 6.6CE+01 1.02+01 3.06E+01
U-237 97.0C8 16.30 8.27E+01 5.58E+01 -1.07E+01 3.87E+01
101.07 26.30 5.58E+01 $.59E-01 2.61E+01
114.00 12.30 2.87E+02 4,64E+02 1.38E+02
208.01 22.00 1.72E+02 -3.15E4+00 7.96E+01
AM-241 59.54 35.90 9.29E+00 9.29E+Q0 -3,88E+00 4.,47E+00
AM-243 74,07 66.00 3.27E+00 8.27E+00 -2.82E+00 3.88E+00
+ = Nuclide identified during the nuclide identification
* = Energy line found in the spectrum
> = MDA value not calculated
@ = Halfife too short to be able to perform the decay correction
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—=Apex-Gamma
e ——— R TR )
Analysis Report for  1512122-08
TBB-3D
Sample Identification 1 1512122-08
Sample Description : TBB-3D
Sample Type : RARECOVERY
Sample Size : 1.000E+00 units
Facility : Countroom
Sample Taken On 2 1/7i2016 12:21:41PM
Acguisition Started 14772016 12:36:07PM
Procedure : BAFIL
Operator . Administrator
Detector Name : GE2
Geometry : BAFIL
Live Time : 900.0 seconds
Real Time : 900.2 seconds
Dead Time 1 0.02%
Peak Locate Threshold : 2.50
Peak Locate Range (in channels}) o 1-4096
Peak Area Range (in channels) 1 7 -4096
Identification Energy Tolerance : 1.000 keV
Energy Calibration Used Done On » 11/2/2014
Efficiency Calibration Used Done On : 11/9/2014
Efficiency Calibration Description :
Sample Number 31500
Peak Analysis Performed on T 1712016 12:51:12PM
Peak Analysis From Channel 1
Peak Analysis To Channel : 40986
Peak Energy RO/ Peak Net Peak Net Area  Continuum FWHM
No. (keV) start Centroid Area Uncertainty Counts {(keV)
 AG 192




1/7/2016  12:51:16PM Page 2 of 7
Analysis Reportfor  1512122-08
TBB-3D
Peak Energy ROI ROI Peak Net Peak NetArea Continuum FWHM
No. {keV) start end Centroid Area Uncertainty Counts (keV)
1 20.29 18 - 23 20.41 £.36E+01 45,07 3.53E+02 1.29
2 31.01 27 - 43 31.12 7.95E4+02 63.21 1,96E+02 1.46
3 34.82 27 - 43 34.93 1.67E+02 36.99 8.51E+01 1.26
4 52.95 49 - 58 53.06 4.68E+01 31.42 1.128+02 3.80
5 61.81 59 - 64 61.91 8.76E4+01 29.36 1.03E+02 1.39
6 81,17 77 - 85 81.26 3.16E+02 47.80 1,56E+02 1.49
7 112.16 107 - 118 112.22 8.53E4+01 40.45 1.61E+02 1.29
8 160.03 157 - 1le2 160.07 2.56E+01 16.34 3.28E4+01 1.03
9 240.83 237 - 243 240.82 1.69E+01 16.58 3.63E+01 1.88
10 275.84 272- 280 275.82 5.13E+01 19.43 2.53E+01 2.35
11 303.01 299 - 309 302.97 6.71E+01 18.86 1.67E+01 1.51
12 306.92 299 - 309 306.88 8.62E+00 9,79 1.07E+01 1.51
13 333.92 330~ 338 333.87 2.,42E+01 19.76 4,56E+01 1.64
14 356.08 352 - 359 356.02 1.90E+02 32.68 5.07E+01 1.39
15 385.25 380 - 390 385.17 9,77E+01 31.17 7.87E+01 4,49
16 414.78 412 - 420 414.68 1.06E+01 10.16 1.35E+01 1.82
17 418.18 412 - 420 418.08 7.73E+00 10.92 1.13E+01 1.83
18 436,71 432 - 440 436.60 2.76E+01 19.35 4,08E+01 1.44
19 450.19 447 - 452 450.08 9.50E+00 7.28 3.00E+CO 1.77
20 457.92 456 - 460 457.80 5.43E+00 5.85 3.14E+00 2.72
21 466.97 463 - 470 466.85 9.14E+00 7.75 3.73E+00 4.72
22 474.13 471 - 476 474,00 1.00E+01 6.32 0.00E+0Q0 1.77
23 559.18 556 - 561 559.01 7.61E+00 6.71 2.78E+00 1.74
24 569.06 566- 572 568.89 1.10E+01 8.02 4.00E+00 1.93
25 776.64 773- 779 776,38 8.00E+00 5.66 C.00E+00 3.31
26 810.53 907 - 913 910.20 7.44E4+00 6.95 3.11E+00 2.49
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet
Errors quoted at 2.000sigma 1‘
\
BACKGROQUND SUBTRACT REPORT
Peak Analysis Performed on : UT2016 12:51:112PM
Env. Background File : WOR-GAMMA \ApexReoot\Countroom\Data\0000031225.CNF
Peak Energy Original QOrig. Area Ambient Backgr. Subtracted Subtracted
No. {keV) Area Uncertainty Background Uncert, Area Uncert.
1 20,29 6.36E+01 45.07 6.36E+01 4.51E+01
M 2 31.01 7.95E4+02 63.21 7.95E+02 6.32E4+01
m 3 34.82 1.67E4+02 36.99 1.67E+02 3.70E+01

-
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1772016 12:51:16PM Page 3 of 7
Analysis Report for  1512122-08
TBB-3D
Peak Energy Original Orig. Area Ambient Backgr. Subtracted Subtracted
No. (keV) Area Uncertainty Background Uncert. Area Uncert,
4 52.95 4.68E+01 31.42 9.74E-01 1.91E+00 4 ,58E+01 3,15E+01
5 61.81 8.76E+01 29.36 8.76E+01 2.94E+01
6 81.17 3.16E+02 47.80 3.16FE+02 4,78E+01
7 112.16 8.53E+01 40.45 8.53E+01 4,.04E+01
8 160.03 2.56E+01 16.34 2.56E+01 1.63E+01
9 240.83 1.69E+01 16.58 1.69E+01 1.66E+01
10 275.84 5.13E+01 19.43 5.13E+01 1.94E+01
M 11 303.01 6.71E+01 18.86 6.71E+01 1.89E+01
m 12 306.92 8.62E+00 9.79 8.62E+00 9,79E+00
13 333.92 2.42B+01 19.76 2,42E+01 1.88E+01
14 356.08 1.90E+02 32.68 1.90E+02 3.27E+01
15 385.25 9.77E+01 31.17 $.77E+01 3.12E+01
M 16 414.78 1.06E+01 10.1¢ 1.06E+01 1.02E+01
m 17 418.18 7.73E+00 10.92 7.73E+00 1.0%E+01
18 436.71 2,76E+01 19.35 2.76E+01 1.93E+01
19 450.19 9.50E+00 7.28 9.50E+00 7.28E+00
20 457.92 5.43E+00 5.85 5.43E+00 5.85E+0C
21 466.97 9.14E+00 7.75% °.14E+00 7.75E+00
22 474.13 1.00E+01 6.32 1.00E+01 6.32E+00
23 559.18 7.61E+00 6.71 7.61E+00 6.71E+00
24 569.06 1.10E+01 8.02 1.10E+01 8.02E+00
25 776.64 8.00E+00 5.66 8.00E+00 5.66E+00
26 910.53 7.44E+00 6.95 7.49E-C1 8.81E-01 6.70E+00 7.00E+00
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet
Errors quoted at 2.000sigma
Nuclide Library Used 1 WOR-GAMMA T\ApexRoof\CountroomiLibrary\WSRC.NLB
IDENTIFIED NUCLIDES
Nuclide id Energy Yield(%s) Activity Activity
Name Confidence (keV) (pCi/units) Uncertainty
I-125 0.93 35.49 * 6.49 1.70E+01 3.76E+00
BA-133 0.99 30.80 = 97.60 2.93E+00 2.33E-01
302.84 ~* 17.80 2.23E+02 B8.29E+01
356.01 ~* 60.00 1.56E+02 3.08E+01
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Analysis Report for  1512122-08
TBB-3D

* = Energy line found in the spectrum,
- = Manually added nuclide,
? = Manually edited nuclide.
@ = Energy line not used for Weighted Mean Activity
Energy Tolerance :  1.000 keV
Nuclide confidence index threshold = 0.30
Errors quoted at 2.000sigma

INTERFERENCE CORRECTED REPORT

Nuclide Nuclide Wt mean Wt mean Comments
Name id Activity Activity
Confidence (pCilunits) Uncertainty
1-125 0.931 1.70E+401 3.76E+00
B&a-133 0.995 2.948+00 2.33E-01

2 = nuclide is part of an undetermined solution
X = nuclide rejected by the interference analysis
@ = nuclide contains energy lines not used in Weighted Mean Aclivity

Errors quoted at 2.000sigma
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Analysis Report for  1512122-08

TBB-3D
UNIDENTIFIED PEAKS
Peak Locate Performed on ¢ 17/2016 12:51:12PM
Peak Locate From Channel 11
Peak Locate To Channel 1 4096
Peak CPS (%) Peak Tolerance
Peak No. Energy (keV) Peak Size (CPS)  yncertainty Type Nuclide
1 20.2¢ 7.07153E-02 35.41
4 52.95% 5.09457E-02 34 .32
5 61,81 9.73861E-02 16.75 Sum
6 81.17 3.51230E-01 7.56
7 112.16 9.47925E-02 23.71
8 160.03 2.84524E-02 31.91
9 240.83 1.873202E-02 49.1¢6
10 275.84 5.70486E-02 18.92
m 12 306.92 9.57618E-03 56.77
13 333.92 2.69031E-02 40.81 Sum
15 385.25 1.085088-01 15.96
M ls 414,78 1.17686E-02 47.97
m 17 418.18 8.59309E-03 70.60
i8 436,71 3.06597E-02 35.05
19 450.19 1.05556E-02 38.32
20 457.92 6.03175E-03 53.9C
21 466.97 1.01515-02 42.39
22 474.13 1.11113iE-02 31.62
23 559.18 8.45679E-03 44,07
24 569.0¢6 1.22222E-02 36.43
25 776.64 8.8888%E-03 35.36
26 910.53 7.439748-03 52.29
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlst
Errors quoted at 2.000sigma
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Analysis Report for . 1512122-08
TBB-3D
NUCLIDE MDA REPORT
Nuclide Library Used  : WOR-GAMMA1\ApexRoot\CountroomiLibrary\WSRC.NLB
Nuclide Energy Yield(%) Line MDA  Nuclide MDA Activity Dec. Level
Name (keV) (pCi/units) {pCi/units) {(pCifunits) (pCi/units)
FE-55 5.89 24.50 8§.07E-07 8.07E-07 -4.11E-06 3.45E-07
Co-57 122.06 85.51 1.26E4+01 1.26F4+01 ~3.50E+00 5.62E+00
136.48 10.60 1.17E+02 -7.64F+01 5.21E+01
NI-58% 6.92 29.80 9.0%E~-06 9.09E-06 -2.44E-05 4,32F-06
MO-93 16.59 52.90 6.348-03 6.34E-03 -2.70E-03 2.9%9E-03
18.60C 10.00 8.43E-02 -6.04E-02 4 00E-02
NB-923M 16.57 5.43 3.53E-02 3.53E-02 -1.50E-02 1.66E-02
CD-109 88.03 3.72 1.72E+02 1.72E+02 -8.62E+01 7.79E+01
SN-113 255.12 1.93 7.12E+02 1.435+01 -3.43E+02 3.09E+02
391.692 61.90 1.43E+01 8.24E+CD 6.22E+00
SN-119M 23.87 16.10 2.39%E-01 2.39E-01 -8.26E-03 1.13-01
25.10 22.70 2.48E-01 1.09E-01 1.188-01
+ I-125 35.49 6.49 1.37E+01 1.37E+01 1.70E+01 &.71E+00
I-129 29.78 57.00 6.52E-C1 6.52E-01 2.28E+00 3.19E-01
33.60 13.20 2.798+00 -6.92E+00 1.34E4+00
39.58 7.52 3,68E+00 -4.92E-01 1.62E+00
+ BA-133 30.80 97.60 5.05E-01 5.05E-01 2.93E+00 2.48E-01
302.84 17.80 8.45E4+01 2.23E+02 4_.27E+01
356.01 60.0C 2.60E+01 1.56E+02 1.19E+01
CE-139 165.85 BC.35 2.14E+01 2,14E+01 -1.56E+00 9.64E+00
CE-144 133.54 10,80 1.20E+02 1.20E+02 6.88E+01 5.40E+01
HG-203 279.19 77.30 2.04E+01 2.04E+01 -1.31E+01 9.1CE+00
PR-210 46.50 4.25 1.55E+C1 1.55E+01 3.49E+00 6.95E+00
PA-231 9.28 42.00 2.16E-04 2.16E-04 3.98E-04 1.06E-04
10.11 20.20 1.04E-03 3.95E-03 5.07E-04
283.67 1.60 8.08E+02 1.95E+02 3.51E+02
302,67 2.30 1.13E+03 1.57E+03 5.28E+02
TH-231 25.64 14.70C 4.37E-01 4.37E-01 1.21E-01 2.07E-01
84.21 6.40 8.02E+01 -2.89E+02 3.84E+01
PA-234M 9.89 89.00 1.95E-04 1.95E-04 7.44E-04 9.55E-05
21.72 64.90 3.75E-C2 1.75E-02 1.78E-02
37.93 23.75 1.33E+00 -6.40E-01 6.07E-01
1331.42 20.40 6.34E+01 7.42E+00 2.85E+01
TH-234 63.29 3.890 1.08E+02 1.08E+02 1.31E+02 5.13E+01
NP-237 29.37 14.00 1.31E+00 1.31E+00 ~1.38E+01 6.29E-01
86.50 12.60 5.12E+01 -1.62E+01 2.33E+01
U-237 97.08 16,30 4,35E+01 3.87E+01 -4 ,13E+01 1.94E+01
101.07 26.30 3.87E+C1 3.99E+01 1.78E+01
114.00 12.30 1.57E+02 1.68E+02 7.41E+01
208.01 22.00 9.28E+01 2.57E+01 4.22E+01
AM-241 52.54 35.90 5.78E+00 5.78E+(0 ~1,26E+01 Z.64E+00
AM~243 74.67 66.00 £.26E+00 6.26E+00 1.68E+00 2.84E+00
. BALET
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Nuclide identified during the nuclide identification

Energy line found in the specirum

MDA value not calculated

Hali-life too shart to be able to perform the decay correction




¢ :°dAL TOY T :odAL 0¥
EE
[auueyd

000% oomm oowm oomm oooN OOmH 000T

|
N , ! L I P [ i o T |

9T07 £019§:21 L0 VeL nyL: Je1s by
(A3%)9°950¢: 960y © dois
(Me%)g'0 T iadels
385 O81°006 SWLL [eay
295 (00006 BULL BALT

: RELL _____.E___é_;__,__

EET-vE

£ET-ve

001

-10T

20T

£ET-vET-L

<01

101

AND 005 1£00000

31825 Bo|-S1unod



\t){?@Wf

&J 14712016 12:34:18PM Page 1 of 7
—=Apex-Gamma
Analysis Report for  1512122-09
TBB-2D
Sample Identification 1 151212208
Sample Description : TBB-2D
Sample Type : RARECOVERY
Sample Size : 1,000E+00 units
Facility : Countroom
Sample Taken On : 11712016 11:58:50AM
Acquisition Started T 1712016 12:19:07PM
Procedure : BAFIL
Operator : Administrator
Detector Name : GE1
Geometry : BAFIL
Live Time : 900.0 seconds
Real Time : 900.2 seconds
Dead Time 1 0.03%
Peak Locate Threshold 1250
Peak Locate Range (in channels) 1 1-4096
Peak Area Range (in channels) 1 19 - 4096
Identification Energy Tolerance . 1.000 keV
Energy Calibration Used Done On : 10/25/2014
Efficiency Callbration Used Done On 1 11/9/2014
Efficiency Calibration Description :
Sample Number 1 31495
Peak Analysis Performed on : 1772016 12:34:11PM

Peak Analysis From Channel o1

Peak Analysis To Channel : 4096
Peak Energy ROI RO/ Peak Net Peak Net Area  Continuum FWHM

No. (keV) start end Centroid Area Uncertainty Counts {(keV)

2
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1/7/2016  12:34:18PM Page 2 of 7
Analysis Reportfor 151212209

TBB-2D
Peak Energy ROI ROI Peak Net Peak Net Area Continuum FWHM
No. (keV) start end Cenfroid Area  Uncertainty Counts (keV)
M 1 30.79 26 - 39 31.14 1.5%E+03 84.20 1.37E+02 1.64
m 2 35.03 26 - 39 35.39 3.62E+02 48,72 1.16E4+02 1.66
3 52.52 50 - 55 52.87 4.36E+01 27.07 1.13E402 1.39
M 4 61.89 58 - 74 62.24 2.11E+02 40.82 1.67E+02 1.91
m 5 65.76 58 - 74 66.10 8.35E4+01 38.13 1.58E+02 1.92
m 6 69.73 58 - 74 70.08 2.87E+01 32.47 1.53E+02 1.93
7 81.11 76 - 87 81.45 6.71E+02 69.20 2.60E+02 1.95
M g 111.85 108~ 120 112.18 1.50E+02 33.83 1.23E+02 1.71
m ] 116.21 108- 120 116.54 2.47E+01 29.56 1.62E+02 1.85
10 142.61 139 - 146 142.93 2.45E4+01 31.05 1.45R4+02 4.11
11 223.14 220- 228 223.43 2.54E+01 26.25 9,13E+01 3.68
12 276.33 273- 279 276.61 5.00E+01 20.76 4.20E+01 1.21
M 13 302.83 299 - 310 303.09 1.14E+02 24.99 4.66E+01 1.61
m 14 306.66 299 - 310 306.93 3.448401 20.31 3.57E+01 1.75
M 15 331.74 328 - 344 332.00 1.58E+01 17.87 1.62E+01 1.61
m 16 337.44 328 - 344 337.70 2.23E+01 14.73 9.21E+00 1.95
17 356.14 352~ 361 356.38 4,.37E+02 48.34 §.18E+01 1.97
18 369,49 367~ 374 369.73 1.53E+01 14.42 2.545+01 1.52
M 19 383.96 380~ 394 384.20 1.00E4+02 31.57 1.22E+01 2.40
m 20 386.88 380 - 394 387.11 1.85E+02 33.09 8.65E+00 1.99
m 21 391.19 380 - 394 391.43 4.8184+01 20.61 7.548+00 2.30
M 27 414,88 409 - 425 415,11 3.60E+01 16.88 2.938+01 2.02
m 23 421.42 409 - 425 421,65 8.61E+00 13.75 1.95E4+01 2.03
24 437.12 434 - 441 437,34 1.04E+02 20.40 0.00E+00 1.49
25 468.33 464 - 474 468.54 3.35E+01 14,71 1.10E+01 1.94
26 494,74 492 — 497 494 .94 5.50E4+00 6.08 3.00E400 2.37
27 584,00 580 - 587 584,17 1.20E401 6.93 0.00E+00 2.48
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet
Errors quoted at 2.000sigma
BACKGROUND SUBTRACT REPORT
Peak Analysis Performed on L U72016 12:34:11PM
Env. Background File : WOR-GAMMA 1\ApexRoot\Countroom\Data\0000031224.CNF
Peak Energy Original Orig. Area Ambient Backgr. Subtracted Subtracted
No. {keV) Area Uncertainty Background Uncert. Area Uncert.
M 1 30.79 1.59E+03 84.20 1.59E+03 8.42E+01
m 2 35,03 3.62E+02 48.72 3.62E4+02 4,87E+01
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Analysis Report for  1512122-09
TBB-2D
Peak Energy Original  Orig. Area Ambient Backgr. Subtracted Subtracted
No. (keV) Area Uncertainty Background Uncert. Area Uncert.
3 52.52 4,365+01 27.07 4.36E+02 2.71E+01
M 4 61.89 2.11E+0C2 40.82 2.11E+02 4,08E+01
m 5 65.76 8.35E+01 38.13 8.35E+01 3.81E+01
m 6 69.73 2.87E+01 32.47 2.87E+01 3.25E+01
7 81.11 6.71E+02 69.20 6.71E+02 6.92E+01
M 8 111.85 1.50E+02 33.83 1.50E+02 3.38E+01
m 9 116.21 2.47E+01 29.56 2.47E+01 2.96E+01
16 142.61 2.45E+01 31.05 2.45E+01 3.10E+01
11 223.14 2.54E+01 26.25 2.54E+01 2.62E+01
12 276.33 5.00E+01 20.76 5.00E+01 2.08E+01
M 13 302.83 1.14E+02 24.99 1.14E+C2 2.50E+01
m 14 306.66 3.44E+01 20.31 3.44E+01 2.03E+01
M 15 331.74 1.58E+01 17.87 1.58E+01 1.7%9E+01
m 16 337.44 2.23E+01 14.73 2.23E+01 1.47E+01
17 356.14 4.37E+02 48.34 4 37E+02 4,83E+01
18 369.49 1.53E+01 14.42 1,53E+01 1,44E+01
M 19 383,96 1.00E+02 31.57 1.00E+02 3.18E+01
m 20 386.88 1.85E+02 33.02 1.85E+02 3.31E+01
m 21 391.19 4,.81E+01 20.61 4.81E+01 2.06E+01
M 22 414.88 3.60E+01 16.88 3.60E+01 1.69E+01
m 23 421.42 §.61E+00 13.75 8.61E+00 1.37E+01
24 437.12 1.04E+02 20.40 1.04E+02 2.04E+01
25 468.33 3.35E+01 14.71 3.35E+01 1.47E+01
26 494.74 5.50E+00 6.08 5.50E+00 6.08E+00"
27 584.00 1,20E+01 6.93 8.38E-01 1.08E+00 1.12E+01 7.01E+00
M = First peak in a multiplet region
m = Other peak In a multiplet region
F = Fitted singlet
Errors quoted at 2.000sigma
NUCLIDE IDENTIFICATION REPORT
Nugclide Library Used : WOR-GAMMAT\ApexRootiCountroomiLibrary\WSRC.NLB
IDENTIFIED NUCLIDES
Nuclide Id Energy Yield(%) Activity Activity
Name Confidence (keV) (pCi/units) Uncertainty
SN-113 0.93 255.12 1.93
391.69 * 61.90 2.86E+01 1,24E+01
I-125 C.9%6 35.49 % 6.49 6.31E+00 8.49E-01
BA-133 0.99 30.80 % 97.60 6.37E-01 3.38E-02

&
%
Ind
153
I
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Analysis Report for  1512122-09

TBB-2D

Nuclide id Energy Yield(%) Activity Activity
Name Confidence (keV) (pCilunits) Uncertainty
BA~-133 0.99 302.84 * 17.80 4.52E+02 1.69E+02
356.01 * 60.00 3.52E+02 5.12E+01

PA-231 1.00 9.28 42,00

10.11 20.20

283.67 1.60
302.67 * 2.30 3.50E+03 1.31E+03

* = Energy line found in the spectrum.
- = Manually added nuclide.
? = Manually edited nuclide.
@ = Energy line not used for Weighted Mean Activity
Energy Talerance :  1.000 keV
Nuclide confidence index threshold = 0.3¢
Errors quoted at 2.000sigma

INTERFERENCE CORRECTED REPORT

Nuclide Nuclide Wt mean Wtmean Comments
Name i Activity Activity
Confidence (pCilunits) Uncertainty
SN~113 0.932 2.86E+01 1.24E+01
I-125 0.967 6.31E+00 8.49E-01
BA-133 0.999 6.37E-01 3.38E-02
PA-231 1.000 3.49E+03 1.31E+03

?
X
@

Errors quoted at 2.000sigma

nuclide is part of an undetermined soluticn
nuclide rejected by the interference analysis
nuclide contains energy lines not used in Weighted Mean Activity

n o nu
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Analysis Report for  1512122-02

TBB-2D
UNIDENTIFIED PEAKS

Peak Locate Performed on 2 472016 12:34:11PM

Peak Locate From Channel 01

Peak Locate To Channsl 1 4096

Peak CPS (%) Peak Tolerance
Peak No. Energy (keV) Peak Size (CPS) Uncertainty Type Nuclide

3 52.52 4,84667E-02 31.03
M 4 61.89 2.34899E-01 9.65 Sum
m 5 65.76 §.27423E-02 22.84 Sum
m ) 69.73 3.19182E-02 56.51 Sum

7 81.11 7.45406E-01 5.16
M 8 111,85 1.67178E-01 11.24
m 9 116.21 2.74261E-02 59.89

10 142.61 2.72509E-02 63.30

1% 223.14 2.81768E-02 51.75

12 276.33 5.55556E-02 20.76 |
m 14 306.66 3.82622E-02 29.49
M 15 331.74 1.75643E-02 56.51
m 16 337.44 2.48178E-02 32.98 Sum

18 369.4¢ 1.70238E-02 47,07
M 19 383.9¢ 1.11401E-01 15.74
m 29 386.88 2.05083E-01 8.9¢6 Sum
M 22 414.88 3.99957E~02 23.45 )
m 23 421.42 9.56166E-03 79.88 Sum

24 437.12 1.15556E-01 9.81

25 468.33 3.72222E-02 21.96

26 494,74 6.11111E~03 55.30

27 584.00 1.24026E~-02 31.41

M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet

Errors quoted at 2.000sigma

9
8
N
9
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Analysis Report for  1512122-0%
TBB-2D

NUCLIDE MDA REPORT

Nuclide Library Used  : WOR-GAMMA1\ApexRoot\Countroom\LibraryWWSRC.NLB

Nuclide Energy Yield(%) Line MDA Nuclide MDA Activity Dec. Levei
Name (keV) (pCilunits) (pCifunits) (pCilunits) {pCifunits)
FE-55 5.89 24.50 6.60E-12 6.60E-12 0.00FE4+00 0.00E+00
CO=-57 122.0¢ 85.51 2.71E+01 2,.71E+01 -6.32E+00 1L.26E+01
136.48 10.60 2.58E+02 2.05E+01 1.18E+02

NI-59 6.92 29,80 6.80E-11 6.80E-11 0.00E+G0 0.00E+00
MO-93 16.59 52.90 2.56E-05 2.56E-05 -3.56E-05 1.06E-05
18.60 10.00 1.45E-03 9.54%E-05 6.83E-04

NB-93M 16.57 9.43 1.42E-04 1.42E-04 -1.97E-04 5.89E~05
CD-10¢ 88.03 3.72 2.46E+02 2.46E+02 6.30E+01 1.14E+02
+ SN=-113 255,12 1.93 1.28E+03 1.49E+01 -1.87E+02 5.75%5E+02
391.69 * 61.90 1.49E+01 2.86FE+01 6.63E+00

SN-11SM 23.87 16.10 1.64E-02 1.64E-02 1.82E-02 7.87E-03
25.10 22.740 1.67E=-C2 1.39E-02 7.96E-03

+ I-125 35.49 * 6.49 1.58E+00 1.58E+00 6.31E+00 7.68E-01
TI-129 29.78 57.00 9,95E-02 9.85E-02 7.78E~01 4,91E-02
33.60 13.20 8.69%E-01 -5.04E+00 4 26E-01

39.58 7.52 1.47E4+00 3.39E-01 6.82E-01

+ BA=-133 30.80 ~* 97.60 3.68E-02 3.688-02 6.37E-01 1.78E~-02
302.84 * 17.80 1.,88E+02 4 . 52E+4+02 8.84E+01

356.01 * 60,00 3.43E+01 3.52E4+02 1.61E+01

CE-139 165.85 80.35 4 55E+01 4 535E+01 9,95E+00 2.11E+01
Cr-144 133,54 10.80 2.57E+02 2.57R4+02 9.60E+01 1.19E+0Q2
HG-203 279.19 77.30 3.74E+01 3,.74E+01 -1.57E+00 1.73E+01
PBR-210 46.50 4.25 9.05E+00 9.05E+00 8.88E+00 4 . 25B+00
+ PA-231 9.28 42 .00 3.55E-09 3.55E-09% 0.C00E+00 0.00E+00
10.1% 20.20 2.40E-08 0.0CE+0Q0 0.00E+00

283.67 1.60 1.28E+03 5.65E+02 5.75E+02

302.67 * 2.30 1.45E+03 3.50E+03 6.84E+02

TH-231 25.64 14.70 2.52E-02 2.52E-02 -2.06E-02 1.19%E-02
84.21 ©.40 1.41E+02 -1.25E+03 6.61E+01

PA-234M 9.89 89.00 4.04E-09 4,04E-09 C.00E+QQ 0.00E+Q0
21.72 64.90 1.80E-03 4,46E-03 8.68E-04

37.93 23.75 6.70E-C1 7.94E-01 3.23E-01

131.42 20.40 1.19E+02 -7.88E+01 5.48E+01

TH-234 63.29 3.80 1.228402 1.228+02 1.52E+02 5.88E+01
Np-237 29,37 14.00 3.5%E-01 3.59E-01 2.81E+00 1.77E-01
86.50 12.60 7.15E+4+01 8.83E+00 3.34E+4+01

U=237 97.08 16.30 7.89E+01 5.93E+01 -1.88E+01 3.67E+01
10:1.07 26,30 5.93E+01 3.63E+01 2.77E+01

114.00 12.30 3.00E+02 1.90E+02 1.44E+02

208.01 22.00 1.62E+02 7.22E+00 T.43E+01

AM-241 56,54 35.90 7.6H5E+00 7.65E+00 3,.33E+00 3.68E+00
AM-243 74,67 66.00 7.08E+0C0Q 7.08E+00 -5,.74E400 3.29E+00




Analysis Report for  1512122-09

TBBE-2D

17772016

12:34:18PM

Page 7 of 7

® v

= Nuclide identified during the nuclide identification

= Energy line found in the spectrum

MDA value not calculated

Half-life too short to be able to perform the decay correction
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—==Apex-Gamma

Analysis Report for ~ 1512122-10

A

TBB-2M

GAMMA SPECTRUM ANALYSIS

Sample Identification »1512122-10
Sample Description : TBB-2M
Sample Type : RARECOVERY
Sample Size : 1.000E+00 units
Facility - Countroom
Sample Taken On : 14712016 11:59:03AM
Acquisition Started : 1/7/2016 12:19:18FPM
Procedure : BAFIL
Operator . Administrator
Detector Name : GE2
Geometry : BAFIE
Live Time : 900.0 seconds
Real Time : 900.2 seconds
Dead Time : 0.03%
Peak Locate Threshold 1250
Peak Locate Range (in channels) 11 - 4096
Peak Area Range {in channels} : 5-4096
ldentification Energy Tolerance : 1.000 keV
Energy Calibration Used Done Cn T 117272014
Efficiency Calibration Used Done On 1 11/9/2014
Efficiency Calibration Description :
Sample Number 314986
Peak Analysis Performed on : 1772016 12:34:23PM

Peak Analysis From Channel o1

Peak Analysis To Channel 1 4096
Peak Energy RO! ROGI Peak Net Peak Net Area  Confinuum FWHM

No. (keV) start end Centroid Area Uncertainty Counts (keV)




1/7/2016  12:34:27PM Page 2 of 6
Analysis Report for  1512122-10
TBB-2M
Peak Energy ROI RO/ Peak Net Peak Net Area Continuum FWHM
No. (keV)} start end Centroid Area  Uncertaintly Counts {keV)
1 20.96 18 - 23 21.08 8.74E+01 45,98 3.51E+02 2.09
2 30.96 27 - 39 31.07 1.44E+03 80.47 2.08E+02 1.45
3 35.19 27 - 39 35.30 4.00E+02 51.48 1.60E+02 1.61
4 53.34 51 - 56 53.44 3.45E+01 27.20 1.218+02 1.79
5 62.01 58 - 64 62,11 8.08E+01 42.20 3.06E+02 1.2¢6
6 66.33 66 -~ 69 66.42 3.56E+01 26.53 1.05E+02 1.95
7 81.11 77 - B84 81.20 6.16E+02 60.73 2.03E+02 1.57
8 1131.81 109- 114 111.88 1.01E+02 33.33 1.41E+02 1.25
9 116.92 116 - 120 116.98 2.19E+01 24.84 1.02E+02 2.57
10 160.59 157 - 164 160.63 2.53E+01 27.35 1.07E+02 1.30
11 239.84 238 - 242 239.84 1.15E+01 14.27 3.50E+01 2.66
iz2 276.18 272 - 280 276.16 5.09E+01 24.15 5.81E+01 1.52
13 289.40 285- 292 289.37 1.3%E+01 16.37 3.42E+01 3.96
14 302.86 288 - 305 302.82 1.32E+02 26.50 3.13E+01L 1.34
i5 334.73 330- 340 334.68 6.06E+01 24.74 4.88E+01 1.93
i6 356.06 352 - 359 355.99 3.77E+02 44 .54 7.73E+01 1.40
17 384.23 380 - 395 384.15 7.61E+01 23.52 1.21E+01 1.62
18 390.94 380~ 395 390.85 2.86E+01 14.46 5.94E+00 1.63
19 415,75 412 - 421 415.66 2.96E+01 21.00 4,.89E+01 2.15
20 437.13 434 - 441 437.02 8.70E+01 19.80 5.91E+00 1.66
21 570.32 568 - 572 570.34 4 .83E+00 5.50 2.33E+C0 1.44
22 623,40 620 - 627 623.20 6.00E+00 8.49 8.C00E+00 2.81
23 1391.30 1387 - 1393 1390.80 5.00E+0C 4.47 0.C00E+00 2.75
M = First peak in a multiplet region
m = Other peak in 2 multiplet region
F = Fitted singlet
Errors quoted at 2.000sigma
BACKGROUND SUBTRACT REPORT
Peak Analysis Performed on ;1712016 12:34:23PM
Env. Background File : WOR-GAMMAT\ApexRoot\Countroom\Data\0000031225,CNF
Peak Energy Original Orig. Area Ambient Backgr. Subtracted Subtracted
No. (keV) Area Uncertainty Background Uncert. Area Uncert.
1 20.96 8.74E+01 45.98 8.74E+01 4,60E+01
M 2 30.986 1.44E+03 80.47 1.44E+03 8.05E+01
m 3 35.19 4.00E+02 51.48 4,00E+02 5.15E+01
4 53.34 3.45E+01 27.20 ,.74E~-01 1.91E+0Q0 3.35E+01 2,73E+01
5 62.01 8.08E+01 42.20 8.08E+01 4,22E+01
6 66.33 3.56E+01 26.53 3.56E+01 2.65E+01
 BERES




1772016 12:34:27PM Page 3 of 6
Analysis Repori for ~ 1512122-10
TBB-2M
Peak Energy Original Orig. Area Ambient Backgr. Subtracted Subtracted
No. (keV) Area Uncertainty Background Uncert. Area Uncert.
7 81.11 6.16E+02 60.73 6.16E+02 6.07E+01
8 111.81 1.01E+02 33.33 1.01E+02 3.33E+01
9 116.92 2.19E+01 24.84 2.19+01 2.48E+01
10 160.59 2.53E+01 27.35 2.53E+01 2.73E+01
11 239.84 1.15E+01 14.27 1.15E+01 1.43E+01
12 276.18 5.09E+C1 24.15 5.02E+01 2.42E+01
13 289.40 1.39E+01 16.37 1.39E+01 1.64E+01
14 302.8¢6 1.32E+02 26.50 1.32E+02 2.65E+01
15 334.73 6.06E+01 24.74 6.06E+01 2.47E+01
16 356.06 3.77E+02 44.54 3.77E+02 4.45E+01
M 17 384.23 7.61E+01 23.52 7.61E+01 2.35E+01
m 18 390.94 2.86E+01 14.46 2.86E+01 1.45E+01
19 415.75 2.96E+01 21.00 2.96E+01 2.10E+01
20 437.13 8.70E+01 19.80 8.70E+01 1.98E+01
21 570.52 4.83E+00 5.50 4.83E+00 5.50E+00
22 623.40 6.00E+00 8.49 6.00E+00 8.49E+00
23 1391.30 5.00E+00 4.47 5.00E+00 4,47E+00
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet
Errors quoted at 2.000sigma
Nuclide Library Used : WOR-CAMMA 1\ApexRoot\CountroomiLibrary\WSRC.NLB
IDENTIFIED NUCLIDES
Nuclide Id Energy Yield(%) Activity Activity
Name Confidence (keV) (pCilunits) Uncertainty
SN-113 0.87 255.12 1.93
391.69 * 61.80 1.98E+01 1.02E+01
I-125 0.98 35.49 o~ 6.49 4,28E+01 5.51E+00
BA~-133 0.99 30.80 = 87.60 5.25E+00 2.94E~-01
302.84 * 17.80 4,40E+02 1.39E+02
356.01 =+ 60.00 3.10E+02 4,758+01

&
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Analysis Reportfor  1512122-10
TBB-2M

* = Energy line found in the spectrum,
- = Manually added nuclide.
? = Manually edited nuclide.
@ = Energy line not used for Weighted Mean Activity
Energy Tolerance : 1.000 keV
Nuelide confidence index threshold = 0.30
Errors quoted at 2.000sigma

INTERFERENCE CORRECTED REPORT |

Nuclide Nuclide Wt mean Wt mean Comments
Name Md Actlvity Activity
Confidence (pCilunits) Uncertainty
SN-113 0.877 1.98E+01 1.02E+01
I-125 0.986 4.28E+01 5.51E+00
BA-133 C.298 5.27E+00 2.94E-01
? = nuclide is part of an undetermined solution
X = nuclide rejected by the interference analysis
@ = nuclide contains energy lines not used in Weighted Mean Activity

Errors quoted at 2.000sigma

y
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Analysis Reportfor  15612122-10

TBB-2M
UNIDENTIFIED PEAKS
Peak Locate Performed on : 1/7/2016 12:34:23PM
Peak Locate From Channel 01
Peak Locate To Channel 1 4096
Peak CPS (%) Peak Tolerance
Peak No. Energy (keV) Peak Size (CPS)  yncertainty Type Nuclide
1 20.9¢6 9.70596E-02 26.32
4 53.34 3.72101E-02 40.71
5 62,01 8.97531E-02 26.12 Sum
6 66.33 3.95960E-02 37.23 Sum
7 81.11 6.84948E-01 4.93
8 111.81 1.12655E-01 16.44
S 116.92 2.43227E-02 56.74
10 160.59 2.80661E-02 54.14
11 239.84 1.277788E-02 62.02
12 27¢.18 5.66042E-02 23.70
i3 289.40 1.54301E-02 58.94
15 334.73 6.73137E-02 20.42 Sum
M 17 384.23 8.46044E-02 15.44
19 415.75 3.28395E-02 35,53
20 437.13 9.67161E-02 11.37
21 570.52 5,37037E-03 56.90
22 623.40 6.66667E-03 70.71
23 1391.30 5.55556E-03 44 .72
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet
Errors quoted at 2.000sigma
NUCLIDE MDA REPORT

Nuclide Library Used - WOR-GAMMA 1\ApexRoot\CountroomiLibrariWSRC.NLB

M
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Analysis Reportfor  1512122-10
TBB-2M

Nuclide Energy Yield(%) Line MDA  Nuclide MDA Activity Dec. Level
Name (keV} {pCifunits) (pCi/units) (pCi/units) (pCi/units)
FE-55 5.89 24.50 1.01E-06 1.01E-06 -5.38E-0¢6 4.46E-07
COo-57 122.06 85.51 1.56E+01 1.56E+01 1.01E+00 7.12E+00
136.48 10.60 1.68E+02 6.09E+01 7.77E+01
NI-59 6.92 29.80 9.12E-06 9.12E-08% ~1.98E-05 4.33E-06
MO-93 16.59 52.90 6.21E-03 6.21E-03 4.35E-04 2.92E-03
18.060 10.00 8.228-02 -9.94E~02 3.89E5-02
NB-93M 16.57 9.43 3.45E-02 3.45E-02 2.42E-03 1.62E-02
CD-102 88.03 3.72 2.48E+02 2.48E+02 1.82E+01 1.16E+02
+ SN-113 255,12 1.93 8.92E+02 2.05E+01 -2.2984+02 4,00E+02
391.69 61.90 Z2.05E+C1 1.98E+01 9.33E+00
SN-119M 23.87 16.10 2.49E-01 2.46E-01 7.37E-02 1.188-01
25.10 22.70 2.46E-01 6.38E-02 1,.17E-01
+ I-125 35.49 6.49 1.1%8+01 1.19E+01 4.,28E+01%1 5.80E+00
I-129 29.78 57.00 8.40E-01 8.40E-01 3.90E+4+00 4. 13E-01
33.60 13.20 3.60E+00 -1.53E+01 1.74E+00
39.58 7.52 4,95E+00 -1.11E+00 2.26E+00
+ BA-133 30.80 97.60 4.10E-01 4.10E-01 5.25E+00 2.00E-01
302.84 17.80 8.08E+0C1 4.40E+02 3.59E+01
356.01 60.00 3,16E+01 3.10E+02 1.47E+01
CE-139% 165.85 80.35 2.33E+01 2.33E+01 -1.88E+00 1.06E+01
CE-144 133.54 10.80 1.64E4+02 1.64E+02 6.31E+01 7.56E4+01
HG-203 279.19 77.30 2.33E+01 2,.33E+01 -9,79E+C0 1.06E+01
PR-210 46.50 4,25 1.94E+01 1.%4E+01 5.30E+00 8.90E+00
PA-231 9.28 42.00 2.08E-04 2.08E-04 3.03E-04 1.02E-04
10.11 20.20 1.01E-C3 3.35E-03 4,95E~-04
283.67 1.60 8.90E+02 3.69E+02 3.95E+02
302,67 2.30 1.49E+03 3.06E4+03 7.10E+02
TH=-231 25.64 14.70 4.,44%~01 4, 44E-01 1.24E-01 2.11E-01
84.21 6.40 1.03E+02 -5.96E+02 4,748+01
PA-234M .89 89.00 1.9CE-04 1.90E-04 6.32E-04 9.32E-05
21.72 64.90 4.14E-02 3.78E-02 1.98E-02
37.93 23.75 1.79E+00 ~2.67E+00 8.36E-01
131.42 20.40 8.00E+C1 -1.31E4+00 3.68E+01
TH-234 63.29 3.80 1.34E+02 1.34E+02 1.73E+02 6.38E+01
NP-237 29,37 14,00 1.56E+00 1.56E+00 -2.4%E+01 7.56E-01
86.50 12.60 7.00E+01 -8.68E+00 3.28E+01
U-237 97.08 16.30 5.9CE+01 4.44E+01 -4, 44F+01 2.72E+01
101.07 26.30 4.44E+01 -5.65E+00 2.06E+01
114.00 12.3C 1.21E+Q2 1.71E+02 9.13E+01
208.01 22.00 1.10E+C2 1.25E+01 5.07E+01
AM-241 59.54 35.90 7.23E+00 7.23E+00 -2.45E+Q1 3.36E+00
AM-243 74.67 66.00 5,91E+00 5.91E+00 3.01E-01 2.67E+00

EN

@ v

nouwonou

Nuclide identfified during the nuclide identification
Energy line found in the spectrum

MDA value not calculated
Half-life too short to be able to perform the decay correction
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_=Apex-Gamma
Analysis Reportfor  1512122-11
MC-1
Sample ldentification »1512122-11
Sample Description : MC-1
Sample Type : RARECOVERY
Sample Size : 1.000E+00 units
Facility : Countroom
Sample Taken On :7/2016 11:58:14AM
Acquisition Started 1 1/7/2016 12:19:28PM
Procedure : BAFIL
Operator : Administrator
Detector Name : GE3
Geometry : BAFIL
Live Time : 900.0 seconds
Real Time : 904.1 seconds
Dead Time : 0.48 %
Peak Locate Threshold 1250
Peak Locate Range (in channels) 1 1-4006
Peak Area Range (in channels) 1 9-4096
tdentification Energy Tolerance 1 1.000 keV
Energy Calibration Used Done On 1 10/25/2014
Efficiency Calibration Used Done On : 11/9/2014
Efficiency Calibration Description :
Sample Number : 31497
Peak Analysis Performed on 2 1712016 12:34:34PM
Peak Analysis From Channel N |
Peak Analysis To Channel : 4096
Peak Energy ROI ROI Peak Net Peak NetArea Continuum  FWHM
No. (keV) start end Centroid Area Uncertainty Counts (keV)
BBEE1L S



1/7/2016  12:34:35PM Page 2 of 7
Analysis Report for  1512122-11

MC-1
Peak Energy ROI RO/ Peak Net Peak Net Area  Continuum FWHM
No. (keV) start end Centroid Area Uncertainty Counts {keV)
M 1 21.07 18 - 40 21.31 1.20B+02 34.51 1.50E+02 1.84
m 2 24.76 18 - 40 25.00 1,998+01 23.07 1.00E+02 1.40
m 3 30.98 18 - 40 31.22 1.85E+03 88.96 1.27E+02 1.61
m 4 35.30 18 - a0 35,54 4.68E+02 50.54 1.29E+02 1.72
5 53.13 50 - 57 53.35 5.10E+01 43.59 2.80E+02 2.39
M 6 62.07 58 - 75 62.29 Z2.48E+02 43.14 1.80E+02 2.08
m 7 66.19 58 - 75 66.41 1.03E+02 43.66 1.91E+02 2.18
8 81.18 76 - 86 81.490 7.88E+02 72.49 2.81E+02 1.96
m 9 98.64 90 - 104 98.85 2.14E+01 22.27 7.88E+01 1.70
M 10 112.02 109 - 127 112.22 2.29E4+02 37.04 1.05E+02 2.05
m 11 116.27 109 - 127 116.46 5.86E+01 32.086 8.62E+01 2.09
12 142.69 139 - 147 142.87 4,95E+01 33.22 1,39E+02 2.12
13 208.76 204~ 213 208.90 4,20F4+01 32.14 1.20E+02 3.82
14 276.80 273 - 280 276.91 5.21E+01 24.33 6.3784+01 1.24
M 15 303.14 297 - 315 303.23 1.36E+02 26.15 4,26E+01 i.60
m 16 307.53 297- 315 307.63 2.96E+01 22.54 3.87E+01 2.1¢
m 17 311.28 297~ 315 311.37 1.53E+01 18.65 3.34E+01 2.16
| M 18 334.04 331 - 341 334.12 5.65E+01 12.16 3.00E+01 1.78
m 19 338.30 331 - 341 338.38 1.6%E+01 19.47 4_20E+01 2.19
: m 20 356.45 350~ 361 356.52 4,.25E+02 42 .48 2.73E+01 1.75
M 21 384.27 381 - 385 384.32 1.20E4+02 30.36 2.90E+01 2.35
m 22 387.39 381- 395 387.44 1.89E+02 30.88 1.33E+01 1.80
m 23 391.64 381 - 385 391.69 5.01E+01 24,85 9.33E4+00 2.39
M 24 415.13 411 - 425 415.17 3.67E+01 17.97 2.71E+01 2.41
m 25 418,91 411 - 425 418.95 2.04E+01 16.58 3.77E+01 2.06
26 437.18 432 - 442 437.21 1.11E+02 23.81 1.678+01 2.04
' 27 467.62 454~ 471 467,63 1.07E+01 13.71 2.46E+01 1.30
28 551.83 550~ 554 551.80 5.00E+00 4.47 0.00E+00 2.75
29 609,78 606 - €13 609.72 1.09E+01 8.25 4.15R4+00 2.65
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet
Errors quoted at 2.000sigma
BACKGROUND SUBTRACT REPORT
|
! Peak Analysis Performed on 2 1772016 12:34:34PM
Env. Background File ' WOR-GAMMA1\ApexRootiCounircom\Data\0000031226.CNF
!
; Peak Energy Original Orig. Area Ambient Backgr.  Subftracted Subtracted
No. (keV) Area Uncertainty  Background Uncert. Area Uncert.
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Analysis Reportfor  1512122-11

MC-1
Peak Energy Original Orig. Area Ambient Backgr. Subtracted Subtracted
No. (keV) Area Uncertainty Background Uncert. Area Uncert.
M 1 21.07 1.20E+02 34.51 1.Z20E+02 3.45E+01
m 2 24.76 1.99E+01 23.07 1.99E+01 2.31E+01
m 3 30.98 1.85E+03 88.96 1.85E+03 8.90E+01
m 4 35.30 4,68E+02 50.54 4.68E+02 5.05E+01
5 53.13 5.10E+01 43.59 5.10E+4C1 4.36E+01
M 6 62.07 2.48E+02 43.14 2.48E+02 4. 31E+01
m 7 66.19 1.03E+02 43.066 1.03E+02 4.37E+401
8 81.18 7.88E+02 72.49 7.88E+02 7.25E+01
9 98.64 2.14E+01 22.27 2.14E+01 2,23E+01
M 10 112.02 2.29E+02 37.04 2.29E+02 3.70E+01
m 11 116.27 5.86E+01 32.06 5.86E+01 3.21E+01
12 142.69 4.95E+01 33.22 4,95E+01 3.32E+01
13 208.76 4,20E+01 32.14 4.20E+01 3.21E+01
14 276.80 5.21E+01 24.33 5.21E+01 2.43E+01
M 15 303.14 1.36E+02 26.15 1.36E+402 2.62E+01
m 16 307.53 2.96E+01 22.54 2.96E+01 2.25E84+01
m 17 311.28 1.53E+01 18.65 1.53E+C1 1,87E+01
M i8 334.04 5.65E+01 19.1¢ 5.65E+01 1.92E+01
m i9 338.30 1.69E+01 19.47 1.698+01 1.95E+01
m 20 356.45 4.25E+02 42.48 4.25E+02 4.25E+(01
M 21 384.27 1.20E+0Q2 30.36 1.20E+02 3.04E+C1
m 22 387.39 1.898+02 30.88 1.89E+02 3.09E+01
m 23 391.64 5.01E+01 24.85 5.01E+01 2.48E+01
M 24 415.13 3.67E+01 17.97 3.67E+01 1.80E+01
m 25 418.91 2.04E+01 16.58 2.04E+01 1.66E+01
26 437.18 1.11E+02 23.81 1.11E+02 2.38E+01
27 467.62 1.07E+01 13.71 1.07E+01 1.37B+01
28 551.83 5.00E+0Q0 4.47 5.C0E+CO 4.47E+00
2% 609.78 1.09E+0% 8.25 2.45E400 1.20E+00 8.47E+00 8.33E+00

M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet

Errors quoted at 2.000sigma

NUCLIDE IDENTIFICATION REPORT

Nuclide Library Used 1 WOR-GAMMA1\ApexRoot\CountroomiLibrary\WSRC.NLB

IDENTIFIED NUCLIDES

Nuclide Id Energy Yield(%) Activity Activity
Name Confidence (keV) (pCi/units) Uncertainty

I
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Analysis Report for ~ 1512122-11

1/7/2016  12:34:39PM

Page 4 of 7

MC-1
Nuclide Id Energy Yield(%) Activity Activity
Name Confidence (keV} (pCitunits) Uncertainty
SN-113 0.96 255.12 1.93
391.69 * 61.820 3.82E+01 1.92E+01
I-125 0.99 35.49 * 6.492 1.455+01 1.57E+00
BA-133 0.98 30.80 * 57.60 1.48E+00 7.12E-02
302.84 * 17.80 5.94E+02 2.41E+02
356.01 * 60.00 4,13E+02 5.89E+01
TH-231 0.89 25,64 * 14.70 1.79E-02 2.07E-02
84.21 6.40

* = Energy line found in the spectrum.
- = Manually added nuclide.
? = Manually edited nuclide.
@ = Energy line not used for Weighted Mean Activity
Energy Tolerance : 1.000 keV
Nuclide confidence index threshold = 0.30
Errors quoted at 2.000sigma

INTERFERENCE CORRECTED REPORT

Nuclide Nuclide Wt mean Wt mean Comments
Name i Activity Activity
Confidence (pCilunits) Uncertainty

SN-113 0.965 3.82E+01 1.92E+01
I1-125 0.9%4 1.45E+01 1.57E+00
BA-133 0.285 1.48E+00 7.12E-02
TH-231 0.896 1.79E-02 2.07E-02

? = nuclide is part of an undetermined solution

X = nuclide rejected by the interference analysis

@ = nuclide contains energy lines not used in Weighted Mean Activity

Errors quoted at 2.000sigma
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Analysis Reportfor  1512122-11
MC-1
UNIDENTIFIED PEAKS
Peak Locate Performed on 2 1TI2016 12:34:34PM
Peak Locate From Channel 21
Peak Locate To Channel : 4096
Peak CPS (%) Peak Tolerance
Peak No. Energy (keV) Peak Size (CPS)  yncertainty Type Nuclide
M 1 21.07 1.33158E-01 14.40 Tol. PA~-234M
5 53.13 5.66230E-02 42 .77
M 6 62.07 2.75343E-01 8.70 Sum
m 7 66.19 1.14573E-01 21.17 Sum
8 81.18 8.75188E-01 4.60
m 9 98.64 2.38183E-02 51.95
M 10 112.02 2.53970E-01 8.10
m 11 1i6.27 6.50680E-C2 27.38
12 142.69 5.50467E-02 33.53
13 208.76 4.,66340E-02 38.2% Tol. U-237
14 276.80 5,79365E-02 23.33
m 16 307.53 3.29195E-02 38.04
m 17 311.28 1.701528-02 60.91
M 18 334.04 6.27240E-02 16,97 Sum
m 19 238.390 1.87674E-02 57.63 Sum
M 21 384.27 1.,33766E-01 12.61
m 22 387.39 2.09871E-01 8.17 Sum
M 24 415.13 4.07671E-02 24.48
m 25 418.91 2.26448E-02 40.68
26 437.18 1.22918F-01 10.76
27 467.62 1.18841E~02 64.10
28 551.83 5.55556E-03 44,72
29 609.78 9.41053E-03 49.20
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet
Errors quoted at 2.000sigma
 BEZ2LE
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Analysis Report for ~ 1512122-11
MC-1
NUCLIDE MDA REPORT

Nuclide Library Used : WOR-GAMMA1\ApexRoot\CountreomiLibraryWSRC.NLB
Nuclide Energy Yield{%) Line MDA  Nuclide MDA Activity Dec. Level
Name (keV) {pCi/units) (pCilunits) (pCilunits) {pCifunits)
FE-55 5.89 24.50 1.53E-10 1.53E~10 0.00E+00 0.00E+00
CO-57 122.06 85.51 2.40E+01 2.40E+01 8.23E+00 1.11E+01
136.48 10.60 2.48E+02 6.59E+00 1.15E+02
NI-59 6.92 29.80 3.11E-(09 3.11E-09 ~1.23E-08 9.85E-10
MO-93 16.59 52.90 2.62E-04 2.62E-04 3.53E-05 1.22E-04
18.60 10.00 5.88E-03 3.03E-03 2.80E-03
NB-93M 16.57 9.43 1.45E-03 1.45E-03 1.96E-04 6.77E-04
CD-109 88.03 3.72 2.24E+02 2.24E+02 2.01E+01 1.03E+02
+ SN-113 255.12 1.93 1,43E4+03 2.57E+01 -1.78E+02 6.51E+02
391.69 * 61.90 2.57E+01 3.82E+01 1.18E+01
SN-119M 23.87 16.10 3.15E-02 3.15E-02 ~7.43E-02 1.49E-02
25.10 22.70 3.40E-02 -4.18E-02 1.61E-02
+ I-125 35.49 * 6.49 4,355400 4.35E+00 1.45E+01 2.13E+00
I-128 29,78 57,00 2.09E-01 2.09E-01 1,75E+00 1.03E-01
33.60 13.20 1.67E+00 -7.87E+00 8.20E-01
39.58 7.52 2.36E+00 3.13E-01 1.10E+00
+ BA-~133 30.80 * 87.60 1.12E-01 1.12E-01 1.48E+00 5.50E-02
302.84 * 17.80 2.93E+02 5.94E+02 1.40E+02
356.01 * 60.00 3.66E401 4.13E4+02 1.70E+01
CE~-139 165.85 80.35 4,28E+01 4.28E+01 -1.16E+01 1.99E+01
CE-144 133.54 10.80 2.46E+02 2.46E+02 2.20E+01 1.14E+02
HG-203 279.19 77.30 5.04E+01 5.04E+01 -3.21E+00 2.37E+01
PBE-210 46.50 4.25 1.44E4+01 1.44E+01 4,10E+00 6.82E+00
PA-231 9.28 42.00 6.55E-07 6.55E-07 6.71E-07 3.10E~07
10.11 20.20 3.83E-06 3.92E-06 1.81E-06
283.67 1.60C 1.49E+03 -4 . 08E+02 6.75E+02
302.67 2.30 2.05E+03 2.76E+03 9.81E+4+02
+ TH-231 25,64 % 14,70 1.25E-~01 1.25E-01 1.,79E-02 6.15E-02
84.21 6.40 3.14E4+02 9.97E+02 1.53E+02
PA-234M 9.89 89.00 6.68E-07 6.68E-07 6.84E-07 3.16E-07
21.72 64.90 4,1%E-03 4,45E-03 2.018-03
37.93 23.75 1.16E+00 1.73E+00 5.63E-01
131.42 20.40 1.25E+02 1.65E+01 5.83E+01
TH-234 63.29 3.80 1.41E+02 1.41E+4+02 1.34E+02 6.85E+01
NP-237 29.37 14.00 7.63E-01 7.63E-01 6.39E+00 3.77E~01
86.50 12.60 6.20E+01 5,.58E+00 3.22E+01
u-237 97.08 16.30 8.32E+01 6.02E+01 -2.11E+01 3.90E+01
101.07 26.30 6.02E+01 4.19E+01 2.83E+01
114.00 12.30 3.10E+02 6.14E+02 1.50E+02
208.01 22.00 2.07E+02 1.64E+02 9,72E+01
AM-241 59,54 35.90 9.13E+00 9,13E+00 -8.59E-01 4 . 40E+00
AM=-243 74.67 66.00 8.85E+00 8.85E+00 ~3.04E+00 4178400
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Analysis Report for ~ 1512122-11

MC-1

1/7/12016

12:34:39PM

Page 7 of 7

v

Nuclide identified during the nuclide identification

Energy line found in the spectrum

MDA value not calculated

Half-life too short to be able to perform the decay correction
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g 17712016 12:35:29PM Page 1 of 6
==Apex-Gamma
Analysis Report for ~ 1512122-12
BC-1
Sample Identification : 151212212
Sample Description : BCA1
Sample Type : RARECOVERY
Sample Size : 1.000E+00 units
Fauility : Countroom
Sample Taken On UTR2016 11:59:24AM
Acquisition Started 712016 12:19:37PM
Procedure : BAFIL
Operator : Administrator
Detector Name : GE4
Geometry : BAFIL
Live Time 1 900.0 seconds
Real Time : 944.1 seconds
Dead Time 1 467 %
Peak Locate Threshold : 2.50
Peak Locate Range (in channels) :1-4096
Peak Area Range (in channels) 15 - 4006
Identification Energy Tolerance : 1.000 keV
Energy Calibration Used Done On 1 10/2572014
Efficiency Calibration Used Done On : 1192014
Efficiency Calibration Description :
Sample Number 131498
Peak Analysis Performed on 1 1/7/2016 12:35:23PM

Peak Analysis From Channe! o1

Peak Analysis To Channel : 4096
Peak Energy ROI ROI Peak Net Peak Net Area Continuum  FWHM

No. (keV) start end Centroid Area Uncertainty Counts {(keV)

i
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1/7/2016  12:35:28PM Page 2 of 6
Analysis Report for 161212212
BC-1
Peak Energy ROI ROI Peak Net Peak Net Area  Continuum FWHM
No. (keV) start end Centroid Area  Uncertainty Counts (keV)
1 31.55 24 - 37 30.80 1.80E+03 105.39 4,328+02 2.27
2 53.43 51 - 55 52.69 1.99E+01 20.73 7.82E+01 1.9¢8
3 62.89 56 - 68 62.15 1.58E+02 52.28 2.49E+02 7.19
4 80.94 74 - 83 80.21 5.45E+02 60.51 2.15E+02 2.27
5 112.01 103- 118 111.29° 1.44E+02 43.08 1.28E402 3.10
6 266.74 263- 270 266.09 1.20E+01 14.00 2.52E+01 4.86
7 276.69 271 - 282 276.05 5.75E+01 25.69 5.30E+01 2.74
8 303.25 300 - 305 302.61 9.38E+01 22.65 2.85E+01 1.63
o 356.39 350 - 361 355.78 2.31E+02 35.50 4 ,17E+01 2.18
10 387.11 379~ 396 386.52 1.03E+02 30.08 4.35E+01 8.68
11 406.75 401 - 410 406.16 9,68E+00 11.96 1.46E+01 1.05
12 415.59 411 - 418 415.01 1.81lE+C1 9.80 3.85E+00 1.51
13 422,42 419 - 424 421.83 6.008+00 4,90 0.C0E+00 1.98
14 437.18 431 - 441 436.61 2.25E+01 14.52 1.50E+01 2.23
15 511.17 506 - 515 510.63 2.40E+01 9.80 0.00E+00 3.89
16 525.33 522 - 527 524.80 5.00E+00 4.47 0.00E+0Q0 1.1¢6
17 671.16 667 - 675 670.70 1.22R+01 8.73 3.57E+00 1.38
M = First peak in a multiplet region
m = Other peak in a mulfiplet region
F = Fitted singlet
Errors quoted at 2.000sigma
BACKGROUND SUBTRACT REPORT
Peak Analysis Performed on . H7/2016 12:35:23PM
Env. Background File . WOR-GAMMA\ApexRoot\Countroom\Datal0000031227.CNF
Peak Energy Original Orig. Area Ambient Backgr. Subftracted Subtracted
No. (keV) Area Uncertainty Background Uncert, Area Uncert.
1 31.55% 1.8CE+03 105.39 1.80E+03 1.05E+02
2 53.43 1.99E+01 20.73 1.99E+01 2.07E+01
3 62.89 1.58E+02 52.28 1.02E+01 1.97E+00 1.47E+02 5.23E+01
4 80.94 5.45E+02 60.51 5.45E+02 6.05E+01
5 112.01 1.44E+02 43.08 1.44E+02 4.31E+01
6 266.74 1.20E+C1 14.00 1.20E+01 1.40E+01
7 276.69 5.758+01 25.69 5.75E+01 2.57E+01
8 303.25 9.38E+01 22.65 9.38E+01 2.26E+01
9 356.39 2.31E+02 35.50 2.31E+02 3.55E+01
10 387.11 1.03E+02 30.08 1.03E+02 3.01E+01
11 406.75 9.68E+00 11.96 9.68E+00 1.20E+01
12 415.59 1.81E+01 9.80 1.81E+01 9.80E+00
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Analysis Report for ~ 1512122-12

BC-1
Peak Energy Original Orig. Area Ambient Backgr. Subtracted Subtracted
No. {keV) Area Uncertainty Background Uncert. Area Uncert.
i3 422 .42 6.00E+00 4.90 6.00E+00 4 ,90E+00
14 437.18 2.25E+01 14.52 2.25E+01 1.45E+01
15 511.17 2.40E+01 9.80 1.17E+01 1.51E8+00 1.23E+01 9.91E+00
16 525,33 5.C0E+00 4.47 5.00E+00 4.47E4+00
17 671.16 1.22E+01 8.73 1.22E+C1 8.73E+00

M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet

Errors quoted at 2.000sigma

NUCLIDE IDENTIFICATION REPORT

Nuclide Library Used - WOR-GAMMA1\ApexRoot\CountraomiLibrar\WSRC.NLB

IDENTIFIED NUCLIDES

Nuclide Id Energy Yield(%) Activity Activity
Name Confidence {(keV) (pCi/units) Uncertainty
BA-133 0.94 30.80 = 97.60 8.49%E+01 5.24E+00
302.84 * 17.80 4,.62E+02 1.81E+02
356.01 * 60.00C 3.63E+02 7.315+01
PA-231 0.99 9.28 42.00
10.11 20.20
283.67 1.60
302.67 * 2.30 3.58E+03 1.40E+03
TH-234 0.97 63.29 * 3.80 6.45E+02 2.33E+02

* = Energy line found in the spectrum.
- = Manually added nuclide.
7 = Manually edited nuclide.
@ = Energy line not used for Weighted Mean Activity
Energy Tolerance : 1.000 keV
Nuclide confidence index threshold = 0.30
Errors quoted at 2.000slgma




Analysis Report for ~ 1512122-12
BC-1

17712016

12:35:29PM

Page 4 of 6

INTERFERENCE CORRECTED REPORT

Nuclide Nuclide Wt mean Wtmean Comments
Name Id Activity Activity
Confidence (pCifunits) Uncertainty
BA-133 0.941 8.63E+01 5.23E+00
PA-231 0.9986 - 2.91E+403 1.40E+03
TH-234 0.974 6.45E+02 2.33E+402
2 = nuclide is part of an undetermined solution
X = nuclide rejected by the interference analysis
@ = nuclide contains energy lines not used in Weighted Mean Aclivity

Errors quoted at 2,000sigma
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Analysis Report for 151212212
BC-1
UNIDENTIFIED PEAKS
Peak Locate Performed on : H7/2016 12:35:23PM
Peak Locate From Channel o1
Peak Locate To Channel . 4096
Peak CPS (%) Peak Tolerance
Peak No. Energy {keV) Peak Size (CPS)  yncertainty Type Nuclide
2 53.43 2.21186E-02 52.07
4 80,94 6.05959E-01 5.55
5 112,01 1.60102E-01 14.95
6 266.74 1.33778E-02 58.14
7 276.69 6.38624E~-G2 22.35
19 387.11 1.14720E-01 14.5%7 Sum
11 406.75 1.07516E~02 61.75
12 415.59 2.00833E-02 27.10
13 422.42 6.66667E-03 40.82
14 437.18 2.50000E-02 32.26
15 511.17 1.36159E-02 40.45
16 525.33 5.55556E-03 44.72
17 671.16 1.35714E-02 35.75
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet
Errors quoted at 2.000sigma
Muclide Library Used  : WOR-GAMMA1\ApexRoot\Countroom\Libraryt\WSRC.NLB
Nuclide Energy Yield(%) Line MDA  Nuclide MDA Activity Dec. Level
Name (keV) (pCilunits) (pCi/units} (pCi/units) (pCi/units)
FE-55 5.89 24,50 5.43E-03 5.43E-C3 0.00E+0QO ¢.00E+00
CO-57 122,006 85.51 1.60E+01 1.60E+01 ~1.25E+01 7.32E+00
136.48 10.60 1.68E+02 =2 .15E+01 7.78E+01

 @RRBT
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Analysis Repor for 151212212
BC-1

Nuclide Energy Yield(%) Line MDA  Nuclide MDA Activity Dec. Level
Name (keV) (pCilunits) (pCifunits)  (pCilunits) (pCilunits)
Ni-59 6.92 29.80 7.53E-03 7.53E-03 0.0CE+00 0.00E+00
MO-93 16.592 52.%0 1.08E+00 1.08E+00 1.53E+00 5.14E-01
18.60 10.00 8.69E+00 1.33E+401 4.16E+Q0
NB-93M 16.57 9.43 6.04E+00 6.04E+00 8.57E+00 2.87E+00
Ch~109%9 88.03 3.72 3.18E+4+02 3.18E+02 -1.52E+03 1.49E+02
SN-113 255.12 1.93 1.13E+03 5.85E+01 -1.24E+02 5.08E+02
391.69 61.90 5.85E+C1 1.12E+01 2.718+01
SN-119M 23.87 16.10 1.16E401 1.02E+01 1.%6E+00 5.59E+00
25.10 22,70 1.02E4+01 -1.18E+00 4,95E+00
I-125 35.49 6.49 1.32E+02 1.32E+02 ~8.94E+00 6.46E+01
I-12%9 29.78 57.00 1.38E+01 1.38E+01 8.48E+01 6.81E+00
33.60 13.20 7.96E+01 6.39E+02 3.93E+01
39.58 7.52 7.24E+03% -1,23E+02 3.49E+01
+ BA-133 30.80 897.60 4.97E+00 4,97E+00 8.49E+01 2.42E+00
302.84 17.80 1.08E+02 4.62E+02 4.76E+01
356.01 60.00 5.15E+01 3.63E+02 2.368+01
CE-13%9 165.85 80.35 3.15E+01 3.15E+01 2.23E+01 1.48E+01
CE-144 133.54 10.8C 1.73E+02 1.73E+02 3.60E+01 8.09E+01
HG-203 279.19 77.30 4.5584+01 4.55E+01 4,05E+01 2.13E+01
PB-210 46.50 4.25 1.09E+02 1.09E+02 -1.96E+01 5.13E+01
+ PA-231 9,28 42.00 1.32E-02 1,32E-02 C.00E400 0.00E+00
10.11 20.20 3.53E-02 0.00E+00 0.00E+Q0
283.67 1.60 1.51E+03 4.16E+02 6.86E+02
302.67 2.30 8.40E4+02 3.5BE+(G3 3.68E+02
TH-231 25.64 14.70 2.23E+01 2.23E4+01 -4 .66E+00 1.058E+01
84.21 6.40 4.75E+02 -3.35E+02 2.32E+02
PA-234M 9.89 892.00 7.52E-C3 7.52E-03 0.0CE+0Q0 0.00E+00
21.72 64.90 2.12E+00 1.20E+00 1.02E+00
37.93 23.75 2.80E+01 -1.70E+01 1.36E+01
131.42 20.40 9.33E+01 4.08E+01 4.36E+01
+ TH-234 63.29 3.80 3.45E+02 3.45E+02 6.45E+02 1.67E+02
Np-237 29.37 14.00 5.45E+01 5.45E+01 3.35E+02 2.69E+01
86.50 12.60 1.19E402 -3.73E+02 5.67E4+01
U-237 97.08 16.30 7.92E+01 4.72E+01 3.79E+01 3.70E+01
101.07 26.30 4.72E+01 -6.48E+00 2.19E+01
114.00 12.30 1.91E+C2 3.39E+02 9.13E+01
208.01 22.00 1.21E+02 2.26E+01 5.62E+01
AM-241 59.54 35.90 2.81E+01 2.81E+01 6.87E+00 1.35E+01
AM-243 T4.67 66.0C 1.92E+01 1.92E+01 1.42E+00 9.18E+00

+

® v

Nuclide identified during the nuclide identification
Energy line found in the spectrum

MDA value not calculated
Haif-life too short to be able to perform the decay correction
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SECTION XI

ANALYTICAL DATA (TOTAL DISSOLVED SOLIDS)
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